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PREPACK. 


The  invention  of  the  Steam  Engine  has  been  produce 
ti ve  of  so  great  a  change  in  the  arts  and  conveniences  ot 
life,  that  it  may  with  justice  be  regarded  as  an  era  in  the 
history  of  the  world.  It  is  true  that  other  inventions 
have  raised  the  intellectual  greatness  of  mari,  fkr  beyond 
the  anticipations  of  rational  conjecture ;  that  they  have 
enabled  him  to  number  the  stars,  to  describe  their  motions, 
and  bring'within  the  grasp  of  his  faculties  those  myriads 
of  orbs,  which  had  been  esteemed  far  beyond  the  compass 
of  his  vision,^*-to  direct  his  way  unerringly  across  the 
pathless  ocean,-^to  stop  the  course  of  rivers, — to  convert 
he  shallow  brook  into  a  spacious  navigable  canal, — to 
fertilise  the  barren  rocks,*— and  change  the  unfrequented 
desart  into  the  active  theatre  of  his  genius ! 

But,  however  great  were  the  capabilities  of  man  b^fhttt 
the  invention  of  the  Steam  Engine,  they  have  since  been 
multiplied  beyond  calculation.  The  mariner  avails  him- 
self of  its  gigantic  power,  and  the  roaring  winds  and  the 
rushing  tides  no  longer  oppose  hig  progress  over  the 
watery  t|eep;->^the  miner  calls  for  its  aid — ^theo  rivers  rise 
vertically  out  of  the  depths  of  the  earth,,  which  had  pre- 
viously arrested  hi^  operations  ;*-*-tIiat  useful  mineral  which 
is  our  fuel^  is  torn  from  its  rocky  bed  to  supply  our 
hearths ;  and  those  invaluable  metals  are  drawn  from  their 
profound  recesses  to  form  the  implements  and  machines 
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which  are  alike  essential  to  our  national  prosperity  and 
individual  comfort. 

Stupendous  as  are  the  powers  of  the  Steam  Engine,  they 
are  so  perfectly  under  control^  and  so  nicely  regulated, 
that  it  is  made  to  separate  the  fine  film  of  the  silk-worm,  • 
and  to  realise  the  fairy  fingers  of  fiction,  by  spinning  an 
invisible  thread!  To  use  the  elegant  language  of  Jef- 
frey, ^^  it  has  become  a  thing  alike  wonderful  for  its 
forcot  and  flexibility ;  for  the  prodigious  power  which  it 
can  exert,  and  for  the  ease  and  precision,  and  ductility 
with  which  it  can  be  varied,  distributed,  or  applied.'* 

Notwithstanding  the  intense  interest  which  must  attach 
to  this  subject  in  every  rational  mind,  but  very  few  works 
on  the  Steam  Engine  have  appeared  before  the  public, 
and  these  do  not  possess  such  qualifications  as  to  render 
them  of  much  utility.  Those  of  the  cheaper  class  have 
taken  too  contracted  a  view  of  the  subject,  and  are  unac« 
companied  with  investigations  of  the  practical  advantages 
or  defects  of  the  machines  under  notice;  while  those  of 
the  expensive  kind  are  unnecessarily  elaborate  in  their 
minute  details,  and  their  investigations  are  too  abstruse 
for  the  comprehension  of  readers  who  have  not  made  con* 
siderable  progress  in  mathematical  science.  Iln  the  one 
case,  therefore,  the  ardent  seeker  for  information  will 
meet  with  little  more  than  amusement;  and  in  the  other, 
he  will  find  the  knowledge  inaccessible,  from  the  manner 
in  which  it  is  exhibited. 

In  the  Treatise  now  presented  to  the  reader,  Mr.  Gal-  . 
liOWAT  has  steered  a  middle  course,  and  thereby  avoided 
those  defects  which  have  rendered  the  labours  of  his  con- 
temporaries of  very  limited  utility.  The  work  was  origi- 
nally published  about  two  years  ago,  and  it  has  since  met 
with  so  extensive  a  sale,  as  to  induce  the  Proprietor  to 
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aend  forth  a  new  and  Tmproved  edition,  after  having 
undergone  a  careful  revisal  by  its  Author,  who  has  taken 
the  opportunity  of  introducing  some  interesting  and 
important  matter,  which  the  readers  *of  the  first  edition 
will  readily  perceive  and  appreciate.  It  contains  all  the 
matter  of  the  first  edition,  but  iu  a  more  correct  form ; 
consisting  of  descriptive  accounts  of  all  the  various  Steam 
Engines  that  have  been  invented  since  the  time  of  Hero 
the  elder,  (who  flourished  190  years  before  Christ,)  down 
to  the  year  1827 ;  together  with  a  critical  and  minute 
investigation  of  their  merits  and  defects.  To  this  portion 
of  the  work,  which  forme  the  first  section,  Mr.  Galloway 
has  added  a  second  section  on  Steam  Navigation,  and  a 
third  on  Locomotive  Steam  Carriages. 

To  the  original  work,  thus  improved,  has  been  added, 
in  the  present  edition,  a  copious  Appendix,  which  has 
been  supplied  by  Mr.  Luke  Hebert,  whose  avocation,  as 
Editor  of  the  Register  of  Arts,  and  Journal  of  Patent 
Inventions,  peculiarly  qualifies  him  for  the  task. 

On  the  importance  of  the  subjects  introduced  into  the 
Appendix,  it  will  be  unnecessary  to  dilate,  as  the  simple 
statement  of  their  nature  will  at  once  carry  conviction  to 
the  mind.     They  are  divided  into  eight  sections,  viz. 

The  first  section,  treats  of  the  nature  and  properties  of 
steam  and  other  vapours,  whose  elastic  forces  have  been 
employed  or  proposed  as  mechanical  agents  for  impelling 
machinery ;  this  subject,  of  necessity,  includes  a  dissertation 
on  the  interesting  pA€nom€?2a  of  heat. 

The  second  section,  contains  some  preliminary  observa- 
tions on  the  construction  of  apparatus  for  the  generation 
of  steam,  with  descriptions  of  all  the  important,  among. 
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the  very  numerous,  bailers  which  have  been  recently  in* 
vented,  or  become  the  subject  of  patent-ri/^hts ;  including 
also  a  dissertation  on  s^fshf  vahes,  with  accounts  of  a 
variety  of  contrivances  to  prevent  dabgeroos  explosions. 

The  third  section,  relates  to  the  cansifluent  parts  qf 
steam  engines  generally,  in  which  their  offices  are  sepa- 
rately considered,  and  the  relative  proportions,  construe-* 
tion,  and  arrangement,  described. 

The  fourth  section,  contains  interesting  accounts  of  a 
variety  of  newly-invented  machinery  far  the  propulsion 
itf  steam  vessels. 

The  fifth  section,  is  descriptive  of  the  various  locomO' 
live  steam  carriages  that  have  been  recently  constructed, 
or  that  are  at  present  under  a  course  of  experimental  triab. 

The  sixth  section,  contains  accounts  of  various  engines 
in  which  the  elastic  force  of  the  vapours  of  ether^  alcohol^ 
essential  ails,  as  well  as  carbonic  acid  gas,  atmospheric  airy 
and  water  8(f*e  employed  to  produce  motive  power. 

The  seventh  section,  is  descriptive  of  a  variety  of  steam 
engines^  many  of  which  having  been  invented  since  the 
date  of  the  last  engine  described  by  Mr.  Galloway,  may 
be  regarded  as  a  continuation  of  his  History. 

The  eighth  section,  contains  a  detail  of  numerous  expe- 
riments on  the  weight  and  strength  of  materials,  besides  a 
variety  of  tabular  matter,  conveying  information  of  the 
greatest  practical  utility  in  the  art  of  construction. 
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Tub  source  from  which  the  Steam  Engine,  in  all  its  %aried 
modifications,  derires  its  power,  is  a  pro|>erty  which  water 
*  possesses  of  becoming  expanded  by  heat.  This  property 
begins  to  operate  at  a  temperature  of  40®  of  Fahrenheit, 
below  which  it  also  possesses  the  opposite  quality  of  ex- 
panding by  the  decrease  of  heat.  When  the  temperature 
exceeds  40°,  it  remains  fluid  until  heated  to  312®;  it  then 
acquires  the  power  of  passing  ofi^  in  an  aeriform  state, 
and  becoming  vapour  or  steam,  which  n  an  extr^ely  light 
and  elastic  body,  and  may  be  retained  in  a  close  vessel  of 
suflicient  strength,  even  when  it  is  capable,  unconfined,  ot 
expanding  itself  to  several  hundreds  of  times  the  area  of  ite 
prison.  In  its  confined  state,  it  exerts  a  forte  against  the 
sides  of  the  vessel  proportionate  to  its  compression  ;  which 
force  being  applied  to  water,  or  any  other  matter  interve- 
ning between  the  steam  and  the  channel  of  escape^  exerts 
itself  on  the  intervening  matter,  and  thereby  puts  it  in 
motion. 

This  is  the  most  palpable  and  evident  property  of  steam, 
and  there  can  be  no  doubt  that  mankind  have  been  ac- 
quainted with  it  from  the  earliest  dawn  of  civilisation. 
But  there  is  another  method  of  deriving  power  from  steam, 
which,  though  equally  useful,  is  not  so  easily  discerned  as 
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the  former.  This  is  the  faculty  which  it  possesses  of  being 
instantly  condensed  by  cold,  and  re-converted  into  water 
By  this  property  a  partial  vacuum  may  be  produced  in  a 
vessel  which  was,  an  instant  before,  filled  with  steam;  and 
if  we  suppose  a  tube  connected  with  that  vessel,  and  a  well 
not  exceeding  twenty-five  feet  below,  the  pressure  of  the 
atmosphere  will  act  upon  the  surface  of  the  water  in  the 
well,  and  thereby  raise  it  up  through  the  tube  and  fill  the 
vessel. 

When  this  latter  property  of  steam  was  first  known,  it  is 
now  impossible  to  determine.  In  the  earliest  experiments, 
the  expansive  force  alone  appears  to  have  been  applied, 
and  that  merely  in  an  inefi^ective  toy,  known  by  the  name 
of  the  oelopile.  The  first  individual  on  record  who  used 
it,  appears  to  have  been  Hero^  the  elder,  an  Alexandrian, 
who  flourished  about  one  hundred  and  thirty  years  before 
the  Christian  era*  (In  bis  work,  entitled  Spiritalia^  or 
Pneumcttica^  among  other  ingenious  discoveries,  he  de- 
scribes a  machine  to  which  motion  is  to  be  given  by  the 
force  of  steam.  It  consisted  of  a  hollow  globe,  having 
tubular  arms,  running  in  opposite  directions.  These  tubes 
bad  an  opening  at  different  sides,  near  their  extremity. 
The  globe  was  suspended  upon  centres,  fixed  upon  pillars. 
One  of  those  pillars  was  hollow,  as  also  was  one  of  the 
centres  or  axes.  Steam  was  introduced  from  a  cauldron,  or 
heated  vase,  which,  issuing  through  the  hollow  column  and 
axis  into  the  globe,  and  so  through  the  arms  into  tbe  open 
air,  produced  a  rotary  motion,  in  the  same  manner  as 
jyater  produces  that  of  Barker's  mill. 

in  the  dark  ages  which  succeeded  the  overthrow  of  the 
empires  of  Greece  and  Rome,  history  furnishes  no  instance 
of  an  attempt  to  use  the  powerful  agency  of  steam,  until  the 
year  1563,  when  one  Mathesius  suggested  the  possibility  of 
constructing  a  machine  by  which  it  could  be  worked  by 
steam.  In  the  year  1597,  a  book,  printed  at  Leipsic,  de- 
scribes a  "  Whirling  OelopUe,^^  which,  it  is  suggested,  is 
well  adapted  to  dispense  with  the  services  of  the  turnspit 

dog. 

Up  to  this  date  we  cannot  trace  any  thing  important 


relative  to  the  application  of  steam,  excepting  what  we 
have  already  stated.  We  are  unable,  at  this  period,  to 
form  any  idea  as  to  the  originality  of  the  plans  which  have 
been  named.  It  b  impossible  to  state  whether  they  were 
descriptions  of  what  was  generally  known,  or  they  were 
the  invention  of  those  by  whom  they  were  claimed.  Nor 
should  our  readers  be  surprised  at  the  obscurity  in  which 
these  matters  are  involved,  when  they  reflect,  that  there 
is  frequently  great  difficulty  in  deciding  who  are  the  in- 
ventors  of  the  most  meritorious  productions  of  our  own 
'  times- 
Having  briefly  staled  what  is  recorded  respecting  the 
earlier  history  of  the  steam  engine,  when  it  had  merely  the 
character  of  a  philosophic  toy,  we  come  to  speak  of  the 
tirst  attempt  towards  its  adoption  as  a  powerful  agent. 

It  is  described  in  a  work  by  Solomon  de  Cans,  an  emi- 
nent  French  jnathemalician  and  engineer,  published   in 
1615,  entitled,  "  Les  Raisons  des  Force  mouvantes  avec 
divers  Desseins  de  Fontains." 
The  following  description 
will  explain  the  principle  of 
his  invention. 
o  is  a  spherical  vessel,  pla- 

ced  over  a  fire ;  it  is  furnished 

with  two  pipes,  6,  e.     The 

pipe  e  is  open  at  (he  top,  and 

reaches'  down  to  the  bottom 

of  the  vessel  a.    The  pipe  b 

is  furnished   with  a  cock  d, 

and   funnel    c.      The   vessel 

being  filled  with  water,  and 

fire  applied,  steam  is  speedily 

generated  upon  the  surface  of 

the  water,  and  having  no  other 

way   to  escape,   the   cock  d 

l>eing  stopped,  presses  on  the 

surface,  and  so  forces  it  up 

lhetubeein(otheair,causing   (De  Cans' s Engine.      1615.) 


a  J9t,  which  varies  in  proportion  to  the  elaaticLy  of  the 
steam  within. 

De  Caue  appeora,  also,  to  have  been  aware  that  a  Tacuum 
could  be  obtained  by  the  condensation  of  steam,  but  we 
hare  no  opportunity  of  knowing  whether  he  ever  thought 
of  using  it  as  a  means  of  increasing  the  power  of  his 
machine. 

The  engine  which  next  demands  our  attention,  both  on 
account  of  ita  importance  and  date,  is  that  invented  by 
Giovanni  Branca,  an  Italian  mathematician,  who  resided 
nt  Rome,  at  the  commencement  of  the  seventeenth  century. 
We  are  indebted  for  our  knowledge  of  (his  machine  to  his 
own  account,  published  in  1639.*  The  drawing  which  he 
there  furnishes  must  be  understood  rather  as  an  ornamental 
illustration  of  his  plan,  than  as  the  form  in  which  it  was 
actually  constructed:  we  have,  therefore,  given  one  which 
we  conceive  to  be  more  consistent  with  the  end  he  proposed 
to  effect  by  its  use. 


(^onca'x  Engine.    1628.) 


The  boiler  of  this  engine  is  represented  by  a ;  b  \a  Iho 
fire  grate;  c  a  small  pipe,  provided  with  a  stopcock/;  rfis 
a  wheel  furnished  with  vanes;  e  is  a  crank  which  gives  mo- 
tion, through   the  medium   of  the  suspended   rod,    to    a 

•  "  I*  IMftchine  diverse  An]  SifuitrT  Giuvaimi  Branca.'- 
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btaniper  for  pounding  drugs.  The  principle  of  action  is — 
that  steam  is  generated  in  the  boiler,  and  rushes  violently 
agarnst  the  vanes,  which  causes  the  wheel  to  revolve,  and 
thus  produces  a  reciprocation  of  the  rod  and  stamper. 

This  invention  had  remained  unnoticed  but  by  the  learned, 
until  the  last  few  years.  It  is  described  by  Partington,  in 
his  History  of  the  Steam  Engine,  who  goes  so  far  as  to 
allow  Branca  the  merit  of  the  first  idea.  We  believe  our 
readers  will  perceive  that  to  this  honour  Branca  has  no 
claim.  His  engine  is  on  the  same  principle  as  Hero's,  only 
differently  modiGed.  Its  ingenuity  is  decidedly  inferior  to 
its  prototype,  both  in  simplicity  and  effect.     . 

But  of  all  the  various  applications  of  the  elastic  force  of 
steam,  nothing  of  this  period  has  stood  so  high  in  public 
estimation  as  a  brief  description  of  ^^  a  fire^waier  work^*^ 
contained  in  the  Marquis  of  Worcester's  celebrated  ^'  Cen- 
tury of  Inventions^"  dated  1663  ;  the  original  manuscript 
of  which  is  preserved  in  the  British  Museum.  The  follow- 
ing is  the  Marquis's  own  description  : — 

^^  An  admirable  and  most  forcible  way  to  drive  up  water 
by  fire,  not  by  drawing  or  sucking  it  upwards,  for  that  must 
be,  as  the  philosopher  calls  it,  infra  spharam  activitatts^ 
which  is  but  at  such  a  distance.  But  this  way  hath  no 
bounder,  if  the  vessels  be  strong  enough ;  for  I  have  taken 
a  piece  of  a  whole  cannon,  whereof  the  end  was  burst,  and 
filled  it  three-quarters  full,  stopping  and  screwing  up  the 
broken  end,  as  also  the  touch:hole,  and  making  a  constant 
fire  under  it;  within  twenty-four  hours  it  burst,  and  made 
a  great  crack ;  so  that  having  found  a  way  to  make  my  ves- 
sels, so  that  they  are  strengthened  by  the  force  within  them, 
and  the  one  to  fill  after  the  other,  I  have  seen  the  water 
run  like  a  constant  fountain-stream  forty  feet  high ;  one 
vessel  of  water,  rarified  by  fire,  driveth  up  forty  of  cold 
water ;  and  a  man  that  tends  the  work,  is  but  to  turn  two 
cocks,  that  one  vessel  of  water  being  consumed,  another 
begins  to  force  and  refill  with  cold  water,  and  so  succes- 
sively, the  fire  being  tended,  and  kept  constant,  which  the 
self-same  person  may  likewise  abundantly  perform  in  the 
interim,  between  the  necessity  of  turning  the  said  cocks.*' 

1.  c 
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From  this  account  Dr.  llobinson  foundH  an  opinion  that 
^^  the  steam  engine  was,  beyond  all  doubt,  the  invention  of 
the  Marquis  of  Worcester."  It  is  probable  that  the  learned 
doctor  was  unacquainted  with  De  Cans  and  Branca*s 
previous  experiments,  or  he  could  ndt  have  come  to  this 
conclusion.  But  whilst  we  cannot  admit  the  Marquis  to  be 
entitled  to  the  extravagant  encomiums  which  have  been 
lavished  upon  him,  we  are  far  from  disallowing  his  inven- 
tion to  possess  merit  and  originality.  The  annexed  drawing 
we  consider  to  embody  the  Marquis's  idea  more  perfectly 
than  any  we  have  seen,  although  there  must  be  several  parts 
unexplained. 

The  most  difficult  and  unintelligible  seems  to  have 
been  the  ^^  forcing  and  refilling/'  which  (but  for  its 
being  a  mechanical  impossibility)  one  should  imagine  to 
mean  that  both  these  operations  were  going  on  at  the  same 
time,  in  the  same  vessel.  The  easiest  way  of  getting  over 
this  difficulty  seems  to  be  by  supposing  the  ^'refilling"  to 
allude  to  the  filling  of  the  cistern,  to  which  the  water  must 
be  elevated.  So  that,  instead  of  saying,  ^^  the  other  begins 
to  force  and  refill,"  we  should  say,  the  other  begins  to  fopce 
and  refill  the  cts/em.  This,  we  confess,  is  a  straining  of  the 
text,  but  at  the  same  time  much  less  so  than  Dr.  Brewster'd 
corrections,  who  reads  :  ^^  One  vessel  of  water  being  con- 
sumed, another  begins  to  force,  and  then  to  fill  itself  with 
cold  water;''  or  than  the  author  of  Stewart's  History  of  the 
Steam  Engine,  who,  in  order  to  accommodate  the  text  to 
his  idea  of  the  engine,  makes  an  emendation  by  saying,^' to 
force  and  empty  of  cold  water." — The  strengthening  of  a 
vessel  by  the  force  within,  also  appears  to  be  a  mechani- 
cal impossibility  ;  but  we  conceive  that,  to  an  extent  equal 
to  any  force  required  for  raising  water,  a  boiler,  of  the 
form  represented  in  the  figure,  would  be  strengthened  by  the 
internal  pre8sure« 
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The  MarquU  of  Worcester's  Engine,  1663. 

fn  the  above  fii;urc,  a  represents  the  boiler,  compoBed  of 
arched  iron  plates,  with  (heir  convex  sides  turned  inwards, 
the^r  are  Tasleiieil  at  the  joinings  by  bolts  passing  through 
holes  in  their  sides,  which  aba  pass  through  the  ends  of  the 
rods  1  i  I,  A  series  oT  which  rods  extend  from  end  to  end  of 
the  boiler,  being  a  few  inches  apart.  The  ends  of  this  boi- 
ler are  hemispherical,  and  are  fiistened  to  flanges  dn  the 
plates  AAA  A.  It  will  appear  evident  that,  each  plate 
being  an  arch,  before  the  boiler  can  burst,  several,  if  not 
nearly  all  the  rods  i  t,  must  either  be  pulled  asunder,  or 
torn  from  the  bolts  at  the  points  of  junction  ;  and  as  the 
strength  of  the  rods  and  bolts  may  be  increased  to  any  ex- 
tent, without  interrupting  the  action  of  the  lire,  there  can 
be  no  doubt  but  that  a  boiler  might  be  so  constructed  as  to 
be  perfectly  safe  under  any  pressure,  which  could  be  re- 
quired for  raising  water  to  a  given  height,  because  the 
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pressure  in  such  a  boiler  will  never  exceed  the  weig;ht  of  a 
column  of  water,  equal  in  height  to  the  elevation  of  the 
cistern. 

b  c  represent  two  vessels,  which  communicate  with  the 
boiler  a,  by  means  of  the  pip6s//,  and  three-way  cocks  m  n, 
and  with  the  reservoir  from  which  the  water  is  to  be  drawn 
by  the  pipes  /  /.  g  g  are  two  tubes,  through  which  the 
water  is  elevated  to  the  cistern  ;  they  reach  nearly  to  the 
bottom  of  the  vessels  6  c,  and  are  open  at  each  end.  The 
pipe  /,  also//,  communicate  with  the  vessels  6  c,  by  means 
of  the  three-way  cocks  m  n,  which,  by  moving  the 
handles  o  pj  can  be  so  placed  that  either  the  steam  from  the 
boiler,  or  the  water  from  the  reservoir,  shall  instantly 
have  access  to  the  vessels  b  c. 

Fire  havj^ng  been  kindled  under  the  boiler  a,  in  the  fur- 
nace €f,  ^^  the  man  who  tends  the  work"  places  the  cock  n, 
in  the  position  represented  in  the  drawing,  when  the  water 
will  have  free  access  from  the  reservoir  to  the  yessel  c, 
which  being  filled,  the  handle  p  is  turned  back,  so  that  the 
cock  shall  be  relatively  in  the  position  shown  at  m ;  the 
steam  then  fairly  enters  through  the  pipe/,  into  the  vessel  c, 
and  having  no  other  mode  of  escape,  presses  on  the  surface 
of  the  water,  which  it  forces  up  through  the  pipe  9.  During 
this  operation,  (the  cock  in  having  been  placed  as  shewn  at 
h,)  the  vessel  b  is  filling  from  the  reservoir  through  the  pipe 
l\  so  that  the  water  in  the  vessel  c,  being  consumed,  tlie 
man  turns  the  handle  o,  of  the  cock  />,  and  admits  the  steam 
on  the  surface  of  the  water  in  fr,  shutting  off,  by  the  same  ope- 
ration, the  communication  between  &  and  the  reservoir;  the 
other  then  begins  to  repeat  the  act  of  filling  the  cistern^  ^^and 
so  successively,  the  fire  being  tended  and  kept  constant/' 

This  apparatus,  we  submit,  approaches  nearer  than  any 
to  the  idea  which  we  of  the  present  day  might  form  from  the 
Marquis's  description  ;  but  it  should  be  observed,  that,  by 
such  ,  a  modification,  we  may  be  giving  him  credit  for 
arrangement  to  an  extent  which  he  himself  never  contem- 
plated. In  fact,  though  there  can  be  no  doubt  but  that  he 
meant  to  describe  a  machine  actuiited  by  the  force  of 
steam,  yet  the  absurdity  of  many  of  the  remaining  nine- 
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ty-Dine  of  his  projects  and  the  ambiguity  of  this,  warrant 
us  to  hazard  a  conjecture  that  he  intended  to  gain  his 
object  by  some  arrangement  of  mechanism  equally  absurd 
with  them.  That  his  description  is  ambiguous  and  con- 
tradictory, none  can  deny ;  in  fact,  the  strong^t  evidence 
of  this,  is  the  very  different  manner  in  which  ingenious  men 
have  attempted  to  represent  his  machine. 

But,  whatever  value  may  be  set  on  the  Marquises  merit 
as  an  inventor,  we  have  not  theislightest  evidence  of  his 
having  carried  any  of  his  projects  into  execution.  In  truth, 
judging  by  \he  character  of  the  man,  many  have  been  led  to 
question  his  title  to  their  invention ;  for,  according  to 
Walpole,  ^'  He  appeara  in  a  very  different  light  in  his  public 
character,  and  in  that  of  an  author.  In  the  former,  he  was 
an  active  zealot;  and  in  the  latter,  a  fantastic  mechanic:  in 
both,  very  credulous.^'-r-^^  We  find  him  taking  oath  upon 
oath  to  the  Pope's  nuncio,  with  promises  of  unlimited  obe* 
dience  both  to  his  holiness  and  to  his  delegate;  and  begging 
five  hundred  pounds  of  the  Irish  clergy,  to  enable  him  to 
embark  and  fetch  fifty  thousand  pounds;  like  an  alchy mist 
who  begs  a  trifle  of  money,  for  the  secret  of  making  gold;'* 
— when,  according  to  another  author,  ^^  he  had  not  a  groat 
in  his  purse,  or  as  much  gunpowder  as  would  scare  a  corbie." 

About  twenty  years  after  this,  (1682  and  1683),  we  find 
Sir  Samuel  Moreland,  in  France,  endeavouring  to  promote 
a  project  for  raising  water  by  steam.  His  invention  was 
exhibited  to  the  French  King,  at  St.  Germains ;  but,  unfor- 
tunately, no  record  remains  of  the  experiment.  An  ac- 
count of  some  of  his  experiments  on.  the  force  of  steam, 
however,  is  preserved  among  the  Harleian  Manuscripts*  in 
the  British  Museum,  which  is  evidently  the  result  of  great 
care,  and  exhibits  much  correctness  in  the  calculations. 

About  the  year  1680,  Dr.  Denys  Papin,  a  native  of  Blois, 
commenced  a  series  of  experiments  on  the  power  of  steam, 
which  terminated  in  the  construction  of  an  useful  and  inge- 
nious machine,  a  description,  of  which  we  will  speedily  give. 
In  1684  he  had  discovered  the  method  of  dissolving  bones 
by  steam  of  a  very  high  pressure  and  temperature,  and  in 
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this  invention  introduced  that  simple  but  inseparable  aceom** 
paniment  of  every  steam  engine,  THE  SAFETY  VALVE. 
This  invention  (without  which  steam  woilM,  long  ere  this, 
have  been  abandoned  as  a  moist  dangerous  and  ungovern* 
able  agent,)  entitles  Papin  to  universal  admiration ;  since  it 
has  contributed  more  than  any  single  addition  or  improve- 
ment to  the  maturity  of  the  steam  engine. 
^  The  course  of  Papin's  experiments  occupied  a  number  of 
yeare,  and  in  their  progress  many  ideas  occurred  to  him, 
which  have  since  been  adopted  as  important  improvements. 
His  earliest  project  was  that  of  using  an  air  pump,  for  the 
purpose  of  transmitting  power  to  some  distance,  in  order  to 
raise  water  where  the  first  mover  could  not  be  conveniently 
applied.  For  instance,  where  a  fall  of  water  could  be  ob- 
tained, he  proposed  to  erect  a  water  wheel,  which  should 
work  an  air  pump.  This  air  pump  he  intended  to  connect 
by  pipes  with  another  pump  at  the  place  where  the  mine 
was  Situated.  When  by  the  crank  on  the  water  wheel  the 
piston  of  one  pump  was  depressed,  the  air  in  the  pipes 
would  be  condensed,  and  force  up  the  piston  of  the 
other  cylinder ;  and  when  the  piston  of  the  first  cylin- 
der was  elevated,  that  of  tbe  second  would  be  drawn 
down  by  partial  vacuum  which  the  elevation  produced. 
'This  experiment  failed  even  in  a  model,  owing  to  the 
great  compressibility  of  the  air,  and  Papin  directed  his 
studies  to  the  discovery  of  some  means  of  forming  a  va- 
cuum under  his  piston.  In  1688  he  described  a  method 
of  effecting  this,  by  first  displacing  the  air  *by  exploding 
gunpowder.  This  he  abandoned  as  dangerous ;  and,  finally, 
after  various  experiments  and  failures,  in  1690  he  suggested 
the  employment  of  steam  for  raising  the  piston,  and  after- 
wards forming  a  vacuum  in  the  cylinder  by  its  condensation. 
He  states— ^^  that  in  a  little  water,  changed  into  steam  by 
means  of  fire,  we  can  have  an  elastic  power  like  air ;  but 
that  it  totally  disappears  when  chilled,  and  changes  into 
water,  by  which  means  he  perceived,  that  he  could  contrive 
a  machine  in  such  a  manner  that  with  a  small  fire  he  could 
be  able,  at  a  trifling  expense,  to  have  a  perfect  vacuum." 
After  noticing  the  difficulty  of  making  a  vacuum  by  gun- 
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powder,  he  observes,  ^'  where  there  may  not  be  the  conve- 
niency  of  a  near  river  to  turn  the  aforesaid  engine,  I  pro- 
pose altiernately  turning  a  small  surface  of  water  into  vapour 
by  fire,  applied  to  the  bottom  of  the  cylinder  which  con- 
tains it :  which  vapour  forces  up  the  plug  or  piston  .in  the 
cylinder  to  a  considerable  height,  and  which,  as  the  water 
cools  when  taken  from  the  fire,  descends  again  by  air's 
pressure,  and  is  applied  to  raise  water  out  of  the  mine." 

This,  as  far  as  discovery  goes,  entitles  Papin  to  the  merit 
of  having  first  invented  the  well-known  Atmospheric  Steam 
Engine;  and,  probably,  had  he  followed  up  the  idea  by 
actual  experiment,  we  would  have  had  to  record  him  as  the 
man  who  first  brought  it  into  successful  operation.  But  the 
greatest  merit  is  not  always  due  to  the  inventor ;  thousands 
of  the  most  brilliant  discoveries  have  perished  for  want  of 
industry  or  talent  to  foster  them.  The  man  who  first  invents 
and  afterwards  struggles  through  every  difficulty,  and  by 
the  greatest  sacrifices  and  perseverance  brings  it  into  actual 
practice,  perhaps  outsteps  the  projector  of  the  most  refined 
contrivance  of  which  history  can  boast. 

Whilst  Papin  was  prosecuting  these  interesting  experi- 
ments, a  sea-'fering  man,  named  Thomas  Savery,  or,  as  he  is 
commonly  called.  Captain  Savery,  was  engaged  in  England, 
in  endeavouring  to  bring  into  notice  an  engine  of  his  in- 
vention, which  possessed  great  merit.  The  description  of 
his  machine  was  published  in  a  work  of  his,  called  ^^  The 
Miner's  Friend."  This  work  is  dated  1702,  and  contains, 
besides  a  candid  detail  of  the  principle,  much  useful 
instruction  relative  to  the  proper  management  of  his 
machine.  The  liberality  and  honest  appeal  to  experiment 
which  pervades  ""he  whole  work,  forms  a  rare  and  strik* 
ing  conti*a3t  wit.>  the  self-sufficiency  and  conceit  which 
are  too  generally  to  be  found  in  productions  of  this 
nature.  Savery  exhibited  his  model  before  King  William, 
who  warmly  interested  himself  in  the  project.  In  June, 
1699,  he  obtained  a  patent,  granting  him  the  exclusive 
privilege  of  manufacture.  We  subjoin  a  description  nearly 
in  the  words  of  the  inventor. 
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(Savery's  P(Umt  Ejtgine.    1 699. ) 

"The  first  thing  is,  to  fix  the  en^ne  in  a  good  double 
Turnace,  so  contrived  that  the  flame  of  your  fire  may  circu- 
late round,  and  encompass  your  boilers,  aa  you  do  coppers 
for  brewing.  Before  you  make  any  fire,  unscrew  G  and  N, 
being  the  two  small  guage  pipes  and  cocks  bulanging  to  the 
two  boilers,  and  at  the  holes  till  L,  the  large  boiler,  two- 
thirds  full  of  water,  and  D,  the  small  boiler,  quite  full.  Then 
screw  on  the  said  pipes  again  as  fast  and  as  tight  as  possi- 
ble. Then  light  the  fire  at  B,  and,  when  the  water  in  L 
boils,  open  the  cock  of  the  first  vessel  P  (shown  in  section) 
which  makes  all  the  steam  rising  from  the  water  in  L  pass 
with  irresistible  force  through  O  into  P,  poshing  out  all  the 
air  before  it  through  the  clack  R ;  and  when  all  is  gone  out, 
the  bottom  of  the  vessel  P  will  be  very  hot ;  then  shut  the 
cock  of  the  pipe  of  this  vessel,  and  open  the  cock  of  the 
other  vessel  P,  until  that  vessel  has  discharged  its  air  through 
the  clack  R  .up  the  force  pipe  S.  In  the  mean  time,  by  the 
tteam'a  condensing  in  the  vessel  P,  a  vacuum,  or  emptiness, 
13  created,  so  that  the  water  from  the  well  must  and  will 
necessarily  rise  up  through  the  sucking  pipe  T,  lifting  op 
the  ctack  M,  and  filling  the  vessel  P. 

"  In  the  mean  lime,  the  first  vessel  P  being  emptied  of 
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its  air,  open  the  cock  again,  and  the  force  is  upon  the  sur- 
fiice  of  the  water,  and  presses  with  an  elastic  quality  like 
air,  still  increasing  in  elasticity  or  spring  till  it  counter- 
poises, or  rather  exceeds,  the  weight  of  the  water  ascending 
in  S,  the  pipe,  out  of  which  the  water  in  it  will  be  imme- 
diately discharged  when  once  gotten  to  the  top,  which 
takes  up, some  time  to  recover  that  power;  which  having 
once  got,  and  being  in  work,  it  is  easy  for  one  that  never  saw 
the  engine,  after  half  an  hour's  experience,  to  keep  a  con* 
stant  stream  running  out  the  full  bore  of  the  pipe.  On  the 
outside  of  the  vessel  you  may  see  how  the  water  goes  out,  as 
well  as  if  the  vessel  were  transparent;  for  as  far  as  the 
steam  continues  within  the  vessel,  so  far  is  the  vessel  dry 
without,  and  so  very  hot,  as  scarce  to  endure  the  least 
touch  of  the  hand.  But  as  far  as  the  water  is,  the  said  ves- 
sel-will  be  cold  and  wet  where  any  water  has  fallen  on  it, 
which  cold  and  moisture  vanishes  as  fast  as  the  steam  in 
its  descent  takes  place  of  the  water ;  but  if  you  force  all 
the  water  out,  the  steam,  or  a  small  part  thereof,  going 
through  P,  will  rattle  the  clack,  so  as  to  give  sufficient 
notice  to  change  the  cocks,  and  the  steam  will  then  begin 
to  force  upon  the  other  vessel  without  the  least  alteration 
in  the  stream,  only  sometimes  th^  stream  of  water  will  be 
somewhat  stronger  than  before,  if  you  change  the  cocks  be* 
fore  any  considerable  quantity  of  steam  be  gone  up  the 
clack  R :  but  it  is  better  to  let  none  of  the  steam  go  oflT, 
for  that  is  losing  so  much  strength,  and  is  easily  prevented^ 
by  altering  the  cocks  some  little  time  before  the  vessel  is 
emptied.'* 

The  ingenious  inventor  goes  on  to  explain  minutely  the 
ease  with  which  his  engine  could  be  managed ;  however, 
we  have  quoted  sufficient  to  shew  clearly  the  mode  of  ope- 
ration. He  gives  no  proportions  of  the  parts,  nor  is  it 
probable  that  he  himself  established  any  rule,  but  prin- 
cipally erected-  his  engines  by  a  kind  of  mechanical  tact,  ' 
which  he  possessed  in  a  wonderful  degree.  He  seems  to 
have  considered  that  the  strength  of  his  machine  was  the 
only  limit  to  be  observed;  *^for,"  says  he,  ^'  I  will  raise 
you  water  500  or  1000  feet  high,  could  you  find  us  a  way 
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to  procure  strength  enough  for  such  an  immense  weight  as 
a  pillar  of  water  of  that  height ;  but  my  engine,  at  60,  70, 
or  80  feet,  raises  a  full  bore  of  water  with  much  ease/' 

Captain  Savery^s  invention  shews  him  to  have  been  a 
man  ofextraordinary  talent  and  ingenuity.  The  real  benefit 
which  it  conferred  upon  society  was  not  alone  confined  to 
the  reduction  of  animal  labour :  it  had  the  efibct  of  enabling 
rngentous  mechanics  to  direct  their  energies  to  a  subject 
which  had  hitherto  been  a  matter  of  mere  philosophical 
speculation.  It  furnished  material  for  study ;  and,  though 
it  was  adopted  with  caution,  and  to  a  very  limited  extent 
by  the  mining  districts,  there  can  be  no  doubt  but  it  was 
the  means  of  sowing  those  seeds  of  talent  which  have  since 
enabled  this  country  to  outstep  every  other  in  the  superior 
manufacture  of  steam  machinery. 

The  honourable  fame  which  the  invention  obtained  him 
could  not  be  enjoyed  without  detraction.  Envious  con- 
temporaries were  busily  engaged  in  endeavouring  to  injure, 
by  false  accusation,  the  character  which  Savery  obtained 
Desaguliers  unequivocably  asserts  that  Captain  Savery 
merely  put  in  practice  the  Marquis  of  Worcester's  plan  for 
raising  water ;  and,  the  better  to  conceal  the  fact,  bought 
up  and  burnt  all  the  copies  of  Lord  Worcester's  Work  on 
which  he  could  lay  his  hands. 

It  has  been  very  properly  observed  by  Dr.  Robinson,  that 
such  a  charge  ought  to  be  substantiated  by  very  distinct  evi- 
dence. Now,  as  we  have  no  evidence,  excepting  that  of  Dr. 
Desaguliers,  we  shall  inquire  as  to  the  value  which  may  be 
set  on  his.  We  shall  go  no  further  than  quote  his  account 
of  the  origin  of  packing  the  piston  of  a  steam  engine.  He 
states,  that  ^^  having  screwed  a  large  broad  piece  of  leather 
to  the  piston,  which  turned  up  the  sides  of  the  cylinder  two 
or  three  inches,  in  working,  it  wore  through^  and  cut  that 
piece  from  the  other,  which,  falling  flat  on  the  piston, 
wrought  with  its  edge  to  the  cylinder,  and,  having  been  in 
a  long  time,  was  worn  very  narrow ;  which  being  taken 
out,  they  had  the  happy  discovery,  whereby  they  fonnd  that 
a  oridle  rein,  or  even  a  sTDft  thick  pi^ce  of  rope,  going 
rocnd,  would  make  the  piston  air  and  water  tight."    On 
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which  Hornblower remarks,  that ^^we  need  not  say  any  thing 
to  the  practical  engineer  about  kaihering  a  steam  piston  ; 
nor  is  it  necessary  to  comment  on  the  Doctor^s  acquaint- 
ance with  steam  and  leather  in  contact.** 
•  This  extract  we  imagine  will^  liy  impugning  the  Doctor's 
veracity^  completely  set  at  rest  the  charge  made  against 
Captain  Savery ;  but  admitting,  for  the  sake  of  argument^ 
that  he  was  even  acquainted  with  the  ^^  Century  of  Inven- 
lions/'  we  have  already  sufficiently  shewn  that  it  required 
a  person  to  be  intimately  acquainted  with  the  nature  of 
steam,  before  he  could  even  guess  at  the  Marquis's  project. 
All  that  could  be  gathered  from  his  ^th  article  was, 
that  water  could  somehow  be  raised  by  steam,  by  a  certain 
undescribed  arrangement  of  cocks,  pipes,  fire,  and  water. 
But  we  have,  in  Savery's  Engine,  a  detail  of  the  most  per- 
fect mechanism ;  besides  which,  it  should  be  borne  in  mind 
that  the  Marquis  states  his  engine  does  not  operate  by 
sucking  up  the  water^  whilst  it  is  the  essential  requisite  of 
Savery's  apparatus. 

We  quitted  Dr.  Papin  to  detail  the  important  results  of 
Captain  Savery's  experiments,  which  were  publbhed  in  the 
interim  between  the  commencement  and  conclusion  of  those 
of  the  ingenious  Doctor,  who,  in  1698,  we  find  still  perse- 
vering in  his  project  for  raising  water  by  steam,  under  the 
patronage  of  the  Elector  of  Hesse.  In  1705  he  received 
from  the  celebrated  philosopher,  Leibnitz,  (who  had  seen 
some  of  them  in  operation,)  a  drawing  and  description  of 
Savery's  engine.  It  is  to  be  regretted  that  Papiiiever  re- 
ceived this  communication,  as  it  has  been  shewn  that  he  had 
actually  projected  a  plan,  which,  if  carried  into  operation, 
would  have  constituted  the  Atmospheric  Engine,  invented 
by  Newcomen.  But,  unfortunately,  the  success  of  Captain 
Savery  diverted  his  mind  from  the  superior  project  of  form- 
ing a  vacuum  under  a  piston,  and  by  the  command  of  his 
patron,  the  elector,  he  set  about  to  improve  Savery's  ma- 
chine, which  is  universally  allowed  to  be  inferior  in  effect 
to  the  other.  The  talent  of  Papin,  directed  to  the  Atmos- 
pheric Engine,  must  have  produced  most  important  results, 
which,  however,  have  been  lost  by  the  success  of  Captain 
Savery's  machine. 


The  consequence  of  this  course  of  experiment  wu  the 
publication  ofa*'  New  Method  of  raising  Water  by  the  force 
of  Fire,"  dated  at  Cassel,-  1707.  (le  acknowledges  that 
Savery  had  hit  on  another  mode,  without  knowing  his  ex- 
periments.   The  following  is  a  description  of  the  machioe. 

A  boiler  a,  made  of  copper,  communicates  by  a  pipe  with 
a  cylinder,  t,  which  forms  the  body  of  the  pump.  This 
cylinder  is  attached  to  an  upright  pipe  o  q,  which  enters 
the  cylinder  r  r,  rising  to  within  a  short  distance  of  its  top. 
This  latter  cylinder  is  air  tight,  and  has  a  pipe  to,  smaller 
in  its  bore  than  the  pipe  o  g.  The  pipe  between  the  boiler 
and  cylinder  has  a  stop  cock  ate.  /is  the  safety  valve 
which  prevents  the  explosion  of  the  boiler,  by  yielding  to 
the  force  of  the  steam,  and  allowing  it  to  escape  when  it 
exceeds  a  certain  pressure,  which  is  regulated  by  shifting 
the  weight/on  the  lever.  Within  the  cylinder  is  a  piston 
or  6oat,  r,  made  of  thin  plates  of  metal,  and  loaded  with 
the  weight  A,  forming  a  part  of  a  hollow  cylinder,  which 
floats  on  the  surfkce  of  the  water. 


(Dr.  Papin's  Engiuv.     1707, ) 
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When  a  suiBcient  quantity  of  steam  is  generated  in  the 
boiler  Oy  the  cock  is  opened  to  allow  it  to  flow  into  the  pump 
cylinder  t,  forcing  the  water,  which  is  beneath  it,  through 
the  pipe  o  q,  until  it  falls  at  the  upper  end  q,  into  the  receiver 
rr;  since  it  cannot  flow  away  through  the  pipe  U7,  so  rapidly 
as  it  comes  in,  on  account  of  the  pipe  w  being  smaller,  it 
rbes  and  compresses  the  air  into  the  upper  part  of  the  re- 
ceiver. As  it  escapes  through  Wy  it  issues  with  velocity  on 
the  water  wheel  «,  to  which  it  gives  motion  in  the  usual 
manner.  When  the  floater  n  has  reached  the  bottom  of 
that  cylinder,  the  cock  c  is  shut,  which  prevents  the  further 
admission  of  steam  from  the  boiler,  into  the  pump  cylinderi 
above  the  floater;  and  the  valve  g  is  lifted,  to  allow  the 
steam  above  the  floater  to  escape  into  the  atmosphere ;  a 
vacuum  speedily  forms  in  this  space,  which  is  as  speedily 
filled  up  by  water  from  the  mine,  through  the  clack  at  the 
bottom  of  i ;  the  clack  o  opening  upwards,  prevents  the 
column  of  water  in  o  9  from  descending,  whilst  the  com- 
pressed air  r  r,  keeps  a  constant  stream  on  the  wheel. 
When  the  floater  has  risen  to  its  proper  position,  the  steam 
is  again  admitted  on  the  surface  of  the  floater,  and  drives 
up  the  water  as  before. 

This  machine  Papin  published  as  the  invention  of  the 
Elector  of  Hesse,  but  it  is  quite  obvious  that  his  disposition 
to  flatter  his  patron,  rather  than  the  regard  to  truth,  caused 
him  to  make  this  statement.  We  have  already  expressed 
our  regret  that  Papin  did  not  persevere  in  his  idea  of  the 
AtiWKq}heric  Engine,  As  it  is,  he  has  shewn  himself  to  be 
a  man  of  great  talent  and  originality. 

It  has  been  already  observed  that  the  beneficial  effects 
of  Savery's  invention  were  not  confined  to  the  reduction  of 
animal  exertion.  This,  though  a  grand,  was  not  the  prin- 
cipal result  which  arose  from  its  introduction ;  for  the 
great  danger,  or  more  probably  y^ar,  of  explosion,  tended 
to  counteract  its  general  adoption.  We  say,  therefore, 
that  the  greatest  benefit  lyhich  it  created  was  that  of 
familiarising  all  mechanics  with  the  nature  of  steam ;  its 
elasticity  when  heated,  and  its  sucking  poiver  when  cooled ; 
and  when  Saverys  engine  was  found  inadequate  to  the 
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proposed  end,  ingenuity  was  on  the  alert  to  apply  these  in 
some  more  eiBcient  manner.  This  feeling  found  its  way  to 
the  ancient  town  of  Dartmouth,  in  Devonshire,  and  drew 
forth  the  attention  of  Thomas  Newcomen,  a  blacksmith. 
This  man,  though  possessed  of  little  scientific  knowledge, 
was  endowed  with  a  clear  head,  and  great  inventive  powei*s. 
We  are  informed  that  he  had  seen  one  of  Savery^s  engines, 
when  he  conceived  the  possibility  of  obtaining  power  in  a 
manner  similar  to  that  proposed  by  Papin  in  his  first  pro* 
jcct,  namely,  by  a  water-wheel  working  *two  air  pumps. 
He  was  so  completely  convinced  of  the  feasibility  of  his 
plan,  that  he  applied  to  Dr.  Hooke  on  the  subject,  who,  i< 
appears,  dissuaded  him  from  the  prosecution,  adding  this 
remarkable  suggestion,  ^^  If  you  could  make  a  speedy 
vacuum  in  your  second  cylinder,  your  work  is  done.** 

Newcomen,  we  are  informed,  was  for  some  time  en* 
grossed  with  the  new  train  of  ideas  to  which  this  hint  led 
him,  till  at  length  he  conceived  the  power  of  steam  would, 
in  every  respect,  answer  the  end ;  and,  according  to 
Desaguliers,  be  communicated  his  project  to  his  friend  and 
associate,  John  Cawley,  a  glazier,  with  whom  he  made 
several  private  experiments  in  the  year  1710,  and  in  the 
latter  end  of  the  following  year  made  proposals  to  drain  a 
colliery  at  Griff,  in  Warwickshire,  which  had  previously 
been  drained  by  horses,  in  which  work  500  were  employed, 
at  the  expense  of  £900  a  year;  but  the  application  not 
being  received  as  they  expected,  in  the  March  following 
they  bargained  to  draw  water  for  Mr.  Back,  of  Wolver- 
hampton, ^^  where,  after  a  great  many  laborious  attempts, 
they  succeeded  in  making  the  engine  work.*' 

To  such  of  our  readers  as  are  unacquainted  with  the 
principle  of  the  Newcomen  engine  in  its  simplest  form,  we 
recommend  the  following  experiment :— Into  the  perfora* 
tion  of  a  small  glass  globe,  partly  filled  with  water,  intro- 
duce the  mouth  of  a  common  syringe.  Form  a  luting  round 
the  joining,  so  as  to  render  the  joint  good  and  tight. 
Apply  this  to  the  flame  of  a  lamp,  and,  as  soon  as  the  water 
boils,  the  steam  formed  thereby  will  force  up  the  rod  of  the 
syringe  to  the  top :  immerse  the  whole  in  cold  water,  and 
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(be  rod  will  aa  speedily  descend.  Apply  the  lamp  aj^aiii, 
and  the  rod  will  again  be  raised,  and  upon  plunging  it 
again  into  cold  water  it  will  descend  as  before ;  these  mo< 
tions  may  be  repeated  ttd  v^ittan. 

Newcomen  and  Cawley  being  assured  of  success,  were 
about  applying  for  a  patent,  when  Sarery  claimed  the 
invention  as  bis,  on  the  ground  that  the  method  of  procu- 
ring a  vacuum  J)y  steam  was  hia  discovery :  they  were, 
therefore,  obliged  to  allow  bb  name  to  be  associated  in  the 
grant  which  they  obtained  in  1705. 

We  present  our  readers  with  a  novel  drawing  of  New 
comen's  engine ;  we  are  not  aware  that  such  a  machine  was 
ever  in  operation,  but  as  it  represents  some  of  the  parts  in 
a  singular  form,  and  shows  clearly  the  mode  of  operation, 
we  shall  offer  no  apology  for  using  it  in  our  explanation. 


(Newcomen's  Patint  Engitu      1705.J 
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a  represents  the  boiler,  of  which  b  is  the  safety  valve, 
being  a  weight  placed  on  a  clack,  which  yields  to  steam 
above  a  certain  pressure,  and  prevents  explosion,  c  is  the 
cylinder,  open  at  the  top,  having  three  holes  at  the  bot- 
tom, d  ef.  The  hole  e  admits  the  steam  from  the  boiler ; 
the  hole  d  admits  a  jet  of  cold  water  from  the  reservoir 
gy  in  order  to  expedite  the  condensation  of  the  steam, 
/is  a  pipe  for  the  exit  of  the  condensed  steam,  and  to  get 
water  from  the  cylinder,  h  is  the  piston  or  plunger,  whose 
diameter  exactly  fills  the  area  of  the  cylinder.  It  is 
packed  or  stuffed  on  its  edge,  so  as  to  preserve  the  vacuum 
as  perfect  as  possible :  i  is  the  beam,  or  (as  it  is  called  in 
some  of  the  coal  districts)  the  loggerhecLd,  for  the  purpose 
of  communicating  the  motion  of  the  piston  to  the  pumps 
in  the  mine* 

A  sufficient  quantity  of  steam  is  first  fornved  in  the 
boiler,  when  the  boy  pushes  the  handle  or  lever  which  he 
holds  down  to  j,  which,  by  the  wheels  and  band,  opens  the 
cock  ifc,  and  allows  the  steam  to  enter  the  cylinder.  The 
steam  being  only  sufficient  to  equal  the  pressure  of  the 
atmosphere,  will  not  of  itself  lift  the  piston  and  logger- 
head ;  it  is  therefore  necessary  that  some  means  should  be 
adopted  to  aid  it  in  its  ascent.  This  is  done  by  means  of 
the  weight  or  counterpoise  f,  so  that  by  the  force  of  the 
steam  and  gravity  of  the  counterpoise,  the  piston  is  eleva- 
ted to  the  top  of  the  cylinder,  and  forces  down  the  pump 
rod  m  into  the  pump  in  the  mine.  When  this  is  effected, 
the  boy  returns  the  handle  to  its  original  position  (shewn 
in  the  drawing)  which  prevents  the  admission  of  more 
steam  from  the  boiler,  and  at  the  same  time  opens  the  cock 
n,  so  as  to  admit  a  small  quantity  of  cold  water  from  the 
reservoir  g  into  the  cylinder;  this,  by  dispersing  itself 
among  the  steam  in  the  cylinder,  almost  instantly  con- 
denses it,  so  that  a  vacuum  is  obtained,  and  the  pressure 
of  the  atmosphere  meeting  with  no  resistance,  presses 
down  the  piston,  and  thereby  raises  the  pump  bucket  in 
the  mine.  The  handle  is  again  depressed  to  j*,  which 
allows  fresh  steam  to  enter  the  cylinder,  and  elevate  the 
piston  as  before.    To  prevent  the  accumulation  of  water 
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in  the  cylinder,  the  pipe  o  is  of  such*  length,  that  the 
weight  of  a  column  of  water  within  it  exceeds  that  of  a 
column  of  the  atmosphere,  so  that  the  water  runs  off  by 
its  own  gravity. 

The  force  of  this  engine,  therefore,  consists  entirely  of 
the  pressure  of  the  atmosphere,  differing  essentially  from 
Papin  and  Savery,  both  of  whom  used  the  force  of  steam 
as  well  as  a  vacuum.  By  this  method  the  danger  of  burst- 
ing the  boiler  was  nearly  obviated,  as  the  pressure  of  one 
or  two  pounds  on  the  inch  on  the  boiler  was  sufficient  to 
work  the  engine.  The  power  must  be  regulated  by  the 
area  of  the  piston,  because,  as  the  pressure  of  the  air  sel« 
dom  exceeds  14|  lbs.  on  an  inch  in  a  given  area,  we  caa 
Bexer  obtain  more  than  a  given  power :  thus,  supposing 
the  area  to  be  100  inchest,  and  the  pressure  of  the  atmos-* 
phere  14  lbs.  per  inch,  the  pump  piston  would  at  each 
stroke  lift  1400  lbs.  of  water  at  each  stroke  of  the  engine, 
a  height  equal  to  the  length  of  the  cylinder.  This,  how- 
ever, is  far  above  the  real  performance :  as  friction  and 
imperfect  condensation  seldom  leave  more  than  one  third 
of  the  power. 

In  the  first  engine  of  Newcomen,  the  steam  was  not  con- 
densed by  an  injection,  but  merely  by  surrounding  the 
cylinder  with  cold  water.  Condensation  by  a  jet  is  said 
to  have  been  discovered  from  an  accidental  hole  in  the 
cylinder,  allowing  the  water  which  surrounded  it  to  get 
into  the  inside,  and  thus  the  speed  of  the  engine  was 
doubled.  When  the  cause  of  this  was  ascertained,  the 
injection  cock  was  added,  as  a  matter  of  course.  We 
should  also  state,  that  the  machine  was  by  no  means  so 
simple  as  our  drawing  represents;  a  number  of  catches^ 
and  springs  being  necessary  to  obtain  the  changes  of  the 
cocks;  the  uncertainty  arising  from  the  employment  of 
boys  was  likewise  a  matter  of  much  vexation  and  inconve- 
nience. This  evil,  however,  produced  its  own  remedy ; 
for  a  boy,  named  Humphrey  Potter,  being  inclined  to 
3Cog,  or  skulk,  attached  the  lever  which  worked  the  valve 
to  the  beam  by  means  of  a  cord  and  weight,  by  which  addi* 

2.  E 
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tion  the  engine  itself  prodaced  the  necessary  motion. 
This  he  called  a  ^^  tcoggtr^ 

With  this  addition,  Newcomen's  engine  approached 
Tery  nearly  to  a  self-acting  one ;  but  still  the  turning  of 
cocks  and  filling  ai  reserroirs  was  obliged  to  be  in  part 
left  to  careless  men,  and  as  the  precision  of  the  work  de* 
pended  upon  these,  frequent  derangement  was  the  conse* 
quence ;  until  Mr.  Henry  Beighton,  of  Newcastle-upon- 
Tyne,  who  was  a  mathematician,  and  conducted  the 
Ladies'  Diary,  from  1714  to  1744,  constructed  what  he 
called  the  hand  gear,  whereby  motion  was  giren  to  all  the 
cocks  and  levers,  by  a  rod  from  the  beam.  This  engine 
was  erected  in  1718,  and,  besides  the  improvement  men« 
tionedy  it  was  the  first  engine  in  which  a  stetUyard  safbty 
valve  was  used. 

But  to  the  celebrSted  Mr.  Smeaton,  more  than  any 
other  person,  except  the  inventor,  were  the  public  in« 
debted  for  the  perfection  to  which  the  Atmospheric 
Engine  was  brought.  His  experience  in  the  construction 
of  almost  every  kind  of  machinery  aided  him  considerably 
in  his  various  modifications  of  this.  In  constructing  an 
engine  for  the  New  River  Oompany,  in  1767,  he  con- 
sidered tliat  the  stoppage  of  the  water  at  every  stroke,  as 
well  as  putting  the  lever  beam,  piston,  heavy  rods,  and 
chains,  from  a  state  of  rest  into  motion,  twice  at  every 
stroke,  was  a  great  loss  of  power ;  he  therefore  determined 
to  work  the  engine  slower,  and  with  large  pumps,  and 
put  upon  the  piston  all  the  load  it  would  bear.  To 
reduce  the  velocity  of  the  column  of  water  still  more,  he 
would  place  the  fulcrum  of  the  beam  out  of  the  centre, 
and  make  the  stroke  of  the  piston  nine  feet,  whilst  the 
pump  which  lifted  thirty-six  feet  should  work  only  a  six 
feet  stroke.  This  arrangement  obliged  him  to  employ  a 
long  narrow  cylinder,  of  only  eighteen  inches  diameter, 
and  from  this  he  also  expected  to  obtain  other  advantages, 
viz.  that  every  part  of  the  steam,  being  nearer  the  surface 
of  the  cylinder,  would  be  more  readily  condensed ;  and,  in 
consequence,   that    a    less  quantity  of  injection   water 
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would  serve  the  cylinder,  which  would  itself  be  more 
heated. 

Under  all  these  appearanc^s  of  advantl^ge,  he  ventured 
to  burden  the  piston  with  a  pressure  of  10.4  lbs.  per  inch. 
Thus,  area  of  piston  (eighteen  iocbes  diameter)  254; 
weight  of  the  column  of  water,  thirty^six  feet  in  the 
pumps,  eighteen  inches  diameter,  9860  lbs. ;  pf  which  take 
six-ninths  for  the  difference  of  the  length  of  stroke,  and  it 
gives  2640  lbs.  for  the  weight  to  be  lifted  by  the  piston ; 
and  divide  S640  by  254^  the  area  of  the  piston,  gives 
10.4  lbs.  pressure  per  inch. 

^^  Having  once  seen  a  common  eaigine  struggle  under  its 
burthen,"  says  this  ingenious  engineer,  ^^  I  thought  myself 
quite  secure  under  those  advantages;  but  how  great 
was  my  surprise  and  mortification,  to  find  that,  instead  of 
requiring  less  injection  water  than  common,  although  the 
injection  pump  was  calculated  to  afford  as  much  injection 
water  as  usual,  in  proportion  to  the  area  of  the  cylinder, 
with  a  sufficient  overplus  to  answer  all  imaginable  wants, 
it  was  unable  to  support  the  engine  with  injection,  and 
that  two  men  were  obliged  to  assist  to  raise  the  injection 
water  quicker,  by  hand,  to  keep  the  engine  in  motion ;  at 
the  same  time  that  the  cylinder  was  so  cold,  1  could  keep 
my  hand  upon  any  part  of  it,  and  bear  it  for  a  length  of 
time  in  the  hot-well.  By  good  fortune,  Uie  engine  per- 
formed the  work  it  was  appointed  to  do,  as  to  the  raising 
of  water,  but  the  coals  by  no  means  answered  my  calcula« 
ti4«.  The  injection  pump  being  enlarged,  the  engine  was 
in  a  state  ef  doing  business,  and  I  tried  many  smaller  ex^ 
periments,  but  without  any  good  effect,  till  I  altered  the 
fulcrum  of  the  beam  so  much,  as  reduced  the  load  upon 
tl&e  piston  from  10|lbs.  to  8{lb8.  per  inch.  Under  this 
lead,  tbongh  tt  slioi  lened  the  stroke  at  the  pump  end,  the 
engine  went  so  mucfi  quicker  as  not  only  to  raise  more 
water,  but  consume  less  coals ;  took  less  injection  water ; 
the  cylinder  became  hot,  and  the  injection  water  came  out 
ui  ISO*^  of  Fahrenheit;  and  the  engine,  in  every  respect, 
not  only  did  its  work  better,  but  went  more  pleasantly. 
This  at  once  convinced  me  that  a  considerable  degree  of 


''^'>  smeaton's  improtembnt-«  in 

eoiitlensation  of  the  steam  took  place  in  entering  the  cy« 
linder,  and  that  I  had  lost  more  by  this  way,  by  the  cold- 
ness of  the  cylinder,  than  I  had  gained  by  the  increase  of 
load.  In  short,  this  single  alteration  seemed  to  have  un- 
fettered the  engine ;  but  in  what  degree  this  condensation 
took  place,  under  different  circumstances  of  heat,  and 
where  to  strike  the  medium,  so  as  upon  the  whole  to  do 
best,  was  still  unknown  to  me.  But  resolving,  if  possible^ 
to  make  myself  master  of  the  subject,  I  immediately  began 
to  build  a  small  fire-engine  at  home,  that  I  could  easily 
convert  into  different  shapes  for  experiments^  and  which 
engine  was  set  to  work  in  the  winter  of  1769." 

With  this  engine  be  tried  various  experiments,  which 
he  carefully  recorded.  He  afterwards  constructed  several 
engines,  which  fully  proved  the  correctness  of  his  calcula- 
tions. The  first  of  these  was  at  the  colliery  at  Long 
Benton,  near  Newcastle-upon-Tyne,  in  1774,  which  had 
a  fifty-two  inch  cylinder. 

The  Atmospheric  Engine  represented  in  the  Frontis- 
piece to  this  Volume,  contains  most  of  the  improvements 
of  Mr.  Smeaton.  The  boiler  is  omitted,  and  C  represents 
the  steam  pipe,  through  which  the  steam  passes  from  the 
boiler  into  the  receiver. 

D,  the  receiver,  a  close  iron  vessel,  or  box,  in  which 
IS  the  regulator  or  steam  eock,  which  opens  and  shuts 
the  hole  of  communication  with  the  cylinder  at  each 
stroke. 

E  is  the  communication  pipe,  between  the  receiver  and 
the  cylinder ;  it  rises  five  or  six  inches  up  in  the  inside  of 
the  cylinder  above  the  bottom,  to  prevent  the  injection 
water  from  descending  into  the  receiver. 

F,  the  cylinder  of  cast  iron,  about  ten  feet  long^ 
bored  smooth  in  the  inside;  it  has  a  broad  flanch'in  the 
middle,  on  the  outside,  by  which  it  b  supported,  when 
hung  between  the  cylinder  beams,  which  extend  across 
the  house,  and  are  let  into  the  side-wall. 

G,  the  piston,  made  to  fit  the  cylinder  exactly,  but  witb 
liberty  to  slide  up  and  down ;  it  has  a  flanch  rising  four 
or  five  inches  upon  its  upper  surface,  between  which  and 
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the  side  of  the  cylinder  a  quantity  of  junk  or  oakum  is 
stuffed,  and  kept  down  by  weights,  to  prevent  the  ent^ln<^e 
of  air  or  water,  and  the  escape  of  steam. 

H,  the  chain  and  piston-shank,  by  which  it  is  connected 
to  the  working  beam  by  an  arc  of  a  circle* 

I,  ly  the  working  beam^  or  lever,  working  on  its 
centre,  in  the  manner  of  a  scale  beam ;  it  is  made  of 
twp  or  more  large  logs  of  timber,  bent  together  at  each 
end,  and  kept  at  the  distance  of  eight  or  nine  inches  from 
each  other  in  the  middle,  by  the  gudgeon  or  centre,  as 
represented  in  the  plate.  The  arch  heads  I,  I,  at  the  ends 
of  the  beam,  are  for  giving  a  perpendicular  direction  to 
the  chains  of  the  piston  and  pump^rods,  which  are  sus- 
pended at  the  opposite  ends. 

N,  the  jack-head  pump,  which  is  a  smaller  sacking 
pump,  wrought  by  a  small  lever  or  working  beam,  by 
means  of  a  chain  connected  to  the  great  beam  or  lever 
near  the  arch  jf,  at  the  inner  end;  and  the  rod  of  the  pump 
N  is  suspended  by  a  chain  at  the  outer  end.  This  pump 
commonly  stands  near  the  corner  or  front  of  the  house, 
and  raises  a  column  of  water  up  to  the  cistern  O,  into 
which  it  is  conducted  by  a  trough* 

O,  the  jack-head  cistern,  for  supplying  the  injection  ;  it 
is  always  kept  full  by  the  pump  N,  and  is  fixed  so  high 
above  the  cylinder  bottom,  as  to  give  the  jet  of  injection  a 
sufficient  velocity  into  the  cylinder,  when  the  cock  is 
opened.  This  cistern  has  a  waste-pipe  on  the  opposite 
side  for  conveying  away  the  superfluous  water. 

P,  P,  the  injection  pipe,  of  two  or  three  inches  diameter, 
which  descends  from  the  cistern  O,  to  the  injection  cock  r, 
after  passing  which  it  turns  up  in  a  curve  at  the  lower  end, 
and  enters  the  cylinder  bottom.  It  has  a  thin  plate  of  iron 
screwed  upon  the  endd,  which  is  within  the  cylinder,  with 
three  or  four  ajutage  holes  in  it,  to  cause  the  jet  of  cold 
water  from  the  jack-head  cistern  to  fly  up  in  as  many 
streams  against  the  under  surface  of  the  piston,  and  con- 
dense the  steam  contained  in  the  cylinder  each  stroke, 
when  the  injection  cock  is  open. 

€,  a  valve  upon  the  upper  end  of  the  injection  pipe^ 
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wiiich  is  shiitf  to  prevent  waste  of  water  by  leakage  wheo 
the  engine  stands  still;  but  before  the  engine  is  set  to 
work  this  valve  must  be  lifted  up,  and  kept  open  by  a 
string. 

/y  a  small  pipe  which  branches  off  from  the  injecticm 
pipe,  and  has  a  cock  to  supply  the  piston  with  a  little 
water  to  keep  it  air  tight. 

Q,  the  working  plug,  suspended  by  a  chain  to  the 
small  arch  9,  of  the  working  beam.  It  is  usually  a  heavy 
piece  of  timber,  with  a  slit  vertically  down  its  middle,  and 
holes  bored  horizontally  through  it  to  receive  pins,  for  the 
purpose  of  opening  and  shutting  the  injection  and  steam 
cocks,  as  it  ascends  and  descends  by  the  motion  of  the 
working  beam. 

A,  the  handle  of  the  steam  cock,  or  regulator.  It 
is  fixed  to  the  regulator  by  a  spindle,  which  comes 
through  the  top  of  the  receiver.  The  regulator  itself 
is  a  sectorial  plate  of  brass,  shaped  like  a  fhn,  which 
is  moved  horixontally  by  the  handle  A,  and  opens  or  shuts 
the  communication  at  the  lower  end  of  the  pipe  E,  within 
the  receiver. 

i  f,  the  spanner,  which  is  a  long  rod  or  bar  of  iron,  for 
communicating  motion  to  the  handle  of  the  regulator,  to 
which  it  is  fixed  by  means  of  a  slit  in  the  latter,  and  some 
pins  put  through  to  fasten  it. 

ky  ly  the  vibrating  lever,  called  the  tnmbling-bob,  or  the 
Y,  having  the  weight  i  at  one  end,  and  the  two  forked  legs 
at  the  other  end,  like  the  letter  A  turned.  It  is  fixed  to  an 
horizontal  axis,  moveable  about  its  centre  pins  or  pivotsniTt, 
and  is  put  in  motion  by  means  of  two  shanks,  o,/7,  fixed  to 
the  same  axis,  which  are  alternately  raised  and  depressed 
by  means  of  two  pins  in  the  working  plug,  and  the  bob  or 
weight  at  the  top  of  the  Y  is  thrown  backwards  and  for- 
wards; one  pin  on  the  outside,  depressing  the  shank  o, 
throws  the  loaded  end  k  of  the  Y  from  the  cylinder  into 
the  position  represented  in  the  drawing,  and  causes  the 
leg,  Z,  of  the  fork  of  the  Y  to  strike  against  the  end  of  the 
spanner,  which  forcing  back  the  handle  of  the  regulator, 
or  frteam  cock,  opens  the  communication,  and  permits  the 
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tteam  to  fly  into  the  cylinder.  The  piston  immediately 
rises  by  the  weight  of  the  pump  rod,  op  the  admission  of 
the  steam.  The  motion  of  the  working  beam,  I,  I,  also 
raises  the  working  plug;  and  another  pin,  which  goes 
through  the  slit,  raises  the  shank  p  of  the  axis,  which 
throws  the  end^  it,*of  the  Y  towards  the  cylinder,  and  the 
leg  of  the  fork,  striking  the  end  of  the  spanner,  forces  it 
forwards,  and  shuts  the  regulator  or  steam  cock. 

9,  r,  is  the  lever  for  opening  and  shutting  the  injection 
cock,  called  the  F.  It  has  a  rack  or  toothed  sector  fixed 
upon  its  axis,  which  takes  the  teeth  of  a  pinion,  fixed  on  the 
top  of  the  plug,  or  key  of  the  injection  cock.  When  the 
working  plug  has  ascended  nearly  to  its  greatest  height, 
and  shut  the  regulator,  as  above  described,  a  pin  catches 
the  end  g  of  the  F,  and  raises  it  up,  which  opens  the 
injection  cock,  and  admits  a  jet  of  cold  water  to  fly  into 
the  cylinder,  and,  condensing  the  steam,  makes  a  vacuum 
within.  Then  the  pressure  of  the  atmosphere,  forcing 
down  the  piston  into  the  cylinder,  causes  the  plug  frame 
to  descend,  and  another  pin  fixed  in  it  catches  the  end  of 
the  lever  9,  in  its  descent,  and  by  pressing  it  down  shuts 
the  injection  cock,  at  the  same  time  the  regulator  is 
opened  to  admit  steam,  and  so  on  alternately;  that  when 
the  regulator  is  shut,  the  injection  cock  shall  be  open,  and 
when  the  former  is  open,  the  latter  shall  be  shut. 

R,  the  eduction  pipe,  to  convey  away  the  water  which  is 
injecte^  into  the  cylinder  at  each  stroke  ;  its  upper  end  is 
even  with  the  cylinder  bottom,  and  its  lower  end  has  a  lid  or 
cover,  moveable  on  a  hinge,  which  serves  as  a  valve  to  let 
out  the  injection  water,  and  shuts  close  each  stroke  of  the 
engine,  to  prevent  the  water  being  forced  up  again,  when 
the  vacuum  is  made. 

S,  the  hot  well,  which  is  a  small  cistern  made  of 
planks,  to  receive  all  the  waste  water  IVom  the  cylinder, 
and  keep  it  in  reserve  for  feeding  the  boiler,  to  supply 
the  waste  occasioned  by  the  continual  evaporation  of  the 
steam. 

T,  the  feeding  pipe,  to  supply  the  boiler  with  water 
from  the  hot  well.    It  has  a  cock  to  let  in  a  large  or  small 
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quantity  of  water,  as  occasion  requires,  to  make  up  for  wbat 
is  evaporated  ;  it  goes  nearly  down  to  the  boiler  bottom, 
so  that  the  lower  end  is  always  immersed  in  water. 

5,  the  snifting  valve,  by  which,  at  every  ascent  of  the 
piston,  the  air  is  discharged  from  the  cylinder  which  was 
admitted  with  the  injection,  and  would  otherwise  obstruct 
the  due  operation  of  the  engine. 

ty  ty  the  cylinder  beams,  which  are  strong  girdles  going 
through  the  house,  for  supporting  or  rather  keeping  down 
the  cylinder. 

v,  the  cylinder  cup  of  lead  surrounding  the  top  of  the 
cylinder,  to  prevent  the  water  upon  the  piston  from  flash- 
ing over,  when  it  rises  too  high. 

W,  the  waste  pipe,  which  conducts  the  superfluous  water 
from  the  top  of  the  cylinder  to  the  hot  welh 

Xy  iron  bars,  called  the  catch  pins,  fixed  horizontally 
through  each  arch  head,  to  strike  the  floor,  and  prevent 
the  beam  descending  too  low,  in  case  the  chains  at  either 
end  should  break,  or  if  the  engine  make  too  long  a  stroke. 

f/y  y,  two  strong  wooden  springs,  to  weaken  the  blow 
given  by  the  catch  pins  when  the  stroke  is  too  long. 

z,  Zy  two  friction  wheels,  or  sectors,  on  which  the  gud-» 
geons,  or  centres  of  the  great  beam,  are  supported; 
they  are  the  third  or  fourth  part  of  a  circle,  and  move  a 
little  each  way,  as  the  beam  vibrates.  Their  use  is  to 
diminish  the  friction  of  the  axis,  which  being  necessarily 
very  large  for  so  heavy  a  lever,  would  otherwise  be  very 
great. 

When  this  engine  is  to  be  set  to  work,  the  boiler  must 
be  filled  about  two  or  three  feet  deep  with  water,  and  a 
large  fire  made  under  it ;  and  when  the  steam  is  heated  to 
be  of  sufficient  strength  to  exert  a  pressure  of  about  one 
pound  beneath  each  square  inch  of  the  safety  valve,  it  will 
lift  up  the  valve  and  escape*  The  water  in  the  boiler 
being  supposed  to  be  in  a  strong  state  of  ebullition,  and 
the  steam  issuing  by  the  safety  valve,  we  will  consider  the 
machine  in  a  state  of  rest,  having  both  the  steam  cock  and 
injection  cock  shut.  The  resting  position  or  attitude  of 
the  machine  is  such  as  appears  in  the  drawing,  the  pump 
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rods,  K,  preponderating  by  their  weight,  and  the  great 
piston  being  drawn  to  the  top  of  the  cylinder. 

The  man  that  attends  the  engine  depresses  the  handle /7, 
so  as  to  throw  the  tumbling  bob  into  the  position  of  the 
figure ;  and  the  leg  of  the  fork  thrusting  back  the  span- 
ner t,  t,  opens  the  regulator,  or  steam  cock,  when  the 
steam  from  the  boiler  immediately  rushes  in,  and  flying 
all  over  the  cylinder,  will  mix  with  the  air;  much  will  be 
condensed  by  the  cold  surface  of  the  cylinder  and  piston, 
and  the  water  produced  'from  it  will  trickle  down  the 
sides,  and  run  off  at  the  eduction  pipe  R,  as  soon  as  any 
quantity  is  accumulated.  This  condensation  and  waste  of 
steam  will  continue,  till  the  whole  cylinder  and  piston  are 
made  as  hot  as  boiling  water. 

When  this  happens,  the  steam  will  begin  to  open  the 
snifling  valve  ^,  and  issue  through  the  pipe;  at  first, 
slowly  and  very  cloudy,  being  mixed  with  much  air,  the 
cloudy  appearance  of  steam  being  always  owing  to  its 
mixture  with  common  air.  The  blast  at  s  will  grow 
stronger  by  degrees,  and  more  transparent,  having  already 
carried  off  the  greatest  part  of  the  common  air  which 
filled  the  cylinder.  We  supposed,  at  first,  that  the  water 
was  boiling  briskly,  so  that  the  steam  was  issuing  by  the 
safety  valve,  which  is  in  the  top  of  the  boiler.  The 
opening  of  the  steam  cock  puts  an  end  to  this  at  once, 
because  the  cold  cylinder  draws  off  the  steam  from  the 
boiler  with  astonishing  rapidity,  until  it  becomes  heated 
so  as  not  to  condense. 

When  the  manager  of  the  engine  perceives  that  not 
only  the  blast  at  the  snifting  valve  is  strong  and  steady, 
but  that  the  boiler  is  fully  supplied  with  steam  of  a  proper 
strength,  which  appears  by  the  renewal  of  the  discharge 
at  the  safety-valve,  the  engine  is  ready  for  starting.  He 
now  lifts  up  the  handle  o,  or  p,  till  the  tumbling  bob,  Y, 
falls  over  the  perpendicular  towards  the  cylinder,  and  its 
leg  striking  the  cross-pin  of  the  spanner  t,  draws  it  for- 
wards, and  shuts  the  steam  regulator ;  at  the  same  instant 
he  lifts  up  the  handle,  q^  of  the.  F,  which  opens  the  injec* 
tion  cock.  The  pressure  of  the  column  of  water  in  the 
2.  F 
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injection  pipe,  P>  immediately  forces  some  water  throug;h 
the  spout  d,  by  the  jets. 

The  cold  water  coming  in  contact  with  some  of  the  pure 
vapour,  which  now  fills  the  cylinder,  condenses  it,  and 
thus  makes  a  partial  void,  into  which  the  more  distant 
steam  immediately  expalids ;  and  by  this  very  expansion 
its  capacity  for  heat  is  increased  ;  or,  in  other  wordtit,  as  it 
grows  cold,  it  abstracts  the  heat  more  powerfully  from 
the  steam  situated  immediately  beyond  it. 

In  this  expansion  and  refrigeration,  the  steam  is  itself 
partly  condensed  or  converted  into  water,  and  leaves  a 
void,  into  which  the  circumjacent  steam  immediately  ex- 
pands, and  produces  the  same  effect  on  the  steam  beyond 
it ;  and  thus  it  happens,  that  the  abstraction  of  a  small 
quantity  of  heat  from  an  inconsiderable  mass  of  steam, 
produces  a  condensation  throughout  a  cylinder  which  is 
very  extensive. 

What  remains  in  the  cylinder  no  longer  balances  the 
atmospheric  pressure  on  the  surface  of  the  water  in  the 
injection  cistern,  and  therefore  the  water  spouts  rapidly 
through  the  holes  d,  by  the  joint  action  of  the  column  P, 
and  the  unbalanced  pressure  of  the  atmosphere ;  at  the 
same  time  the  snifting  valve  5,  and  the  eduction  valve  R, 
are  shut  by  the  external  pressure  of  the  atmosphere,  and 
prevent  the  entrance  of  air  or  water  into  the  cylinder. 

The  velocity  of  the  injection  water  must  therefore  ra-. 
pidly  increase,  and  the  jets  dash  against  the  bottom  of  the 
piston,  and  be  scattered  through  the  whole  capacity  of  the 
cylinder.  In  a  very  short  space  of  time  therefrom,  the 
condensation  of  the  steam  becomes  universal,  and  the  elas- 
ticity of  what  remains  is  very  small.  The  whole  pressure 
of  the  atmosphere,  therefore,  being  exerted  on  the  upper 
surface  of  the  piston,  while  there  is  hardly  any  on  its 
under  side,  if  the  load  on  the  outer  end  of  the  working 
beam  is  infbrior  to  this  pressure,  it  must  yield  to  it*.  The 
piston  O  must  descend,  and  the  pump  piston,  Jt,  must 
ascend,  bringing  along  with  it  the  water  of  the  mine ;  but 
the  motion  does  not  begin  at  the  instant  the  injection  is 
made.     The  piston  was  kept  at  the  top  by  the  preponde* 
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rancy  of  the  outer  end  of  the  working  beam,  and  (he  load 
of  water  in  the  pumps;  and  it  must  remain  there,  till  the 
difference  between  the  elasticity  of  the  steam  below  it, 
and  the  pressure  of  the  atmosphere,  exceed  this  preponde- 
rancy.  There  must,  therefore,  be  a  small  space  of  time 
between  the  beginning  of  the  condensation  and  the  be- 
ginning of  the  motion ;  this  is  very  small,  not  exceeding 
the  third  or  fourth  part  of  a  second,  but  it  may  be  very 
distinctly  observed  by  an  attentive  spectator,  who  may 
perceive  that,  the  instant  the  injection  cock  is  opened,  if 
the  cylinder  has  the  slightest  yielding  in  its  suspension,  it 
will  heave  upwards  a  little  by  the  pressure  of  the  air  on 
the  bottom.  Its  own  weight  is  not  at  all  equal  to  this 
pressure ;  and,  instead  of  its  being  necessary  to  support  it 
by  a  strong  floor,  it  must  be  kept  down  by  large  beams, 
loaded  at  the  end  with  heavy  walls.  This  heaving  of  the 
cylinder  shows  the  instantaneous  commencement  of  the 
condensation ;  and  it  b  not  till  after  this  has  passed,  that 
the  piston  is  seen  to  start,  and  begins  to  descend. 

The  motion  must  continue  till  the  great  piston  reaches 
the  bottom  of  the  cylinder,  because  it  is  not  like  the  mo* 
tion  which  would  take  place  in  a  cylinder  of  air  rare6ed 
to  the  same  degree.  In  this  latter  case,  the  impelling 
force  would  be  continually  diminished,  because  the  capa- 
city of  the  cylinder  diminishing  by  the  descent  of  the  pis- 
ton, the  air  in  it  would  continually  become  more  dense 
and  elastic,  until  the  piston  would  stop  at  a  certain  height, 
when  the  elasticity  of  the  included  air,  together  with  the 
load  at  H,  would  balance  the  atmospherical  pressure  on 
the  piston.  But  when  the  contents  of  the  cylinder  are 
pure  vapour,  and  the  continued  stream  of  injected  cold 
water  keeps  down  its  temperature  to  the  same  pitch  as  at 
the  beginning,  the  elasticity  of  the  remaining  steam  can 
never  increase  by  the  descent  of  the  piston,  nor  exceed 
what  corresponds  to  the  temperature  according  to  our 
table.  The  impelling,  or  accelerating  force,  therefore, 
remains  the  same,  and  the  descent  of  the  piston  will  be 
accelerated  almost  uniformly,  unless  there  is  an  increase 
of  resistance,  arising  from  the  nature  of  the  work  per- 
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formed  by  the  other  end  9f  the  beam.  And  it  may  be  fre« 
quently  observed  in  a  good  steam  engine,  where  every 
part  is  air-tight]^  that  if  the  cylinder  has  been  completely 
purged  of  common  air  before  the  steam  cock  is  shut,  and 
if  none  has  entered  since,  the  piston  will  descend  to  the 
very  bottom  of  the  cylinder.  It  sometimes  happens,  by 
the  great  pump  drawing  air,  or  some  part  of  the  commu- 
nication chains  giving  way,  that  the  piston  descends  with 
such  violence  as  to  beat  out  the  bottom  of  the  cylinder 
with  the  blow,  and  it  is  to  prevent  this  accident  that  the 
catchpinis  are  applied  at  the  end  of  the  beam. 

When  the  manager  sees  the  piston  as  low  as  he  thinks 
proper,  he  shuts  the  injection  cock,  by  depressing  the 
lever  9,  and  at  the  same  time  he  opens  the  regulator,  by 
forcing  down  the  handle  o,  which  oversets  the  tumbling 
bob,  and  its  leg  catching  the  cross  pin  of  the  spanner  t, 
opens  the  regulator. 

The  steam  has  been  accumulating  above  the  water  in 
the  boiler,  during  the  whole  time  of  the  piston^s  descent. 
The  moment,  therefore,  that  the  steam  cock  is  opened,  the 
steam,  having  an  elasticity  of  rather  more  than  one  pound 
per  square  inch  greater  than  that  of  the  air,  rushes  into 
the  cylinder,  when  it  immediately  blows  open  the  snifting 
valve,  and  assists  the  water  which  had  come  in  by  the  for- 
mer injection,  and  what  arose  from  the  condensed  steam, 
to  descend  by  its  own  weight  through  the  eduction  pipe  S, 
and  open  the  valve  to  run  into  the  hot  well  R. 

This  water  is  nearly  boiling  hot,  or  at  least  its  surface; 
for  while  lying  in  the  bottom  of  the  cylinder,  it  will  con- 
dense steam  till  it  acquires  this  temperature,  and  there- 
fore cannot  run  down  till  it  will  condense  no  more.  There 
is  a  cause  of  some  waste  of  steam  at  its  first  admission,  in 
order  to  heat  the  inside  of  the  cylinder,  and  the  injected 
water,  to  the  boiling  temperature ;  btit  the  space  being 
small,  and  the  whole  being  already  very  warm,  it  is  soon 
done ;  and  when  things  are  properly  constructed,  little 
more  is  wanted  than  what  will  warm  the  cylinder;  for  the 
eduction  pipe  is  made  of  large  dimensions,  and  receives 
some  of  the  injection  water  even  during  the  descent  of  the 
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piston,  and  this  portion  will  be  removed  out  of  the  way  of 
the  steam. 

The  first  effect  of  the  entering  steam  is  of  great  service ; 
it  drives  out  of  the  cylinder  the  vapour  which  it  finds 
there.  This  is  seldom  pure  steam,  or  watery  vapour, 
because  all  water  contains  a  quantity  of  air,  in  a  state  of 
chemical  union ;  but  the  union  is  only  feeble,  and  a 
boiling  heat  is  sufficient  for  disengaging  the  greatest  part 
of  it,  by  increasing  its  elasticity.  It  may  be  also  disen- 
gaged by  simply  removing  the  external  pressure  of  the 
atmosphere ;  this  is  clearly  seen,  when  we  expose  a  glass 
of  water  in  an  exhausted  receiver.  Therefore  the  small 
space  below  the  piston  contains  watery  vapour,  mixed 
with  all  the  air  which  had  been  disengaged  from  the  water 
in  the  boiler  by  ebullition,  and  all  that  was  separated 
from  the  injection  water  by  the  diminution  of  external 
pressure,  in  addition  to  any  which  may  enter  by  leakage. 

Let  us  now  consider  the  state  of  the  piston,  when  setting 
out  on  its  return,  as  it  is  evident  that  it  will  start,  or  begin 
to  rise  by  the  counterweight,  the  moment  the  steam  cock 
is  opened ;  for  at  that  instant  the  excess  of  atmospherical 
pressure  by  which  it  was  kept  down,  in  opposition  to  the 
preponderancy  of  the  outer  end  of  the  beam,  is  diminished* 
At  the  first  instant  of  the  return  of  the  pump  rods,  they 
draw  up  the  piston  with  great  violence,  all  the  weight  of 
the  water  in  the  pumps  acting  in  addition  to  the  counter- 
weight ;  but  the  falling  of  the  lower  valves  in  the  pumps, 
after  an  inch  or  two  of  motion,  arrests  the  farther  descent 
of  the  water,  and  bears  the  weight  of  the  column  of  water, 
and  after  this^he  piston  will  rise  gradually  by  the  action 
of  the  counterweight. 

The  action  of  the  counterweight  is  very  different  in  the 
two  motions  of  the  engine;  for  while  the  engine  is  making 
a  working  stroke,  it  is  lifting  not  onlv  the  column  of  water 
in  the  pump,  but  the  absolute  weight  of  the  bucket  rods 
also ;  and  while  the  pump  rods  are  descending,  there  is  a 
diminution  of  the  counterweight  by  the  whole  weight  lost 
by  the  immersion  of  the  rod  in  water.  The  wooden  rods 
which  are  generally  used,  by  being  soaked  in  ]va(er  and 


38  smeaton's  improvements  in 

joined  by  iron  straps,  are  heavier,  and  but  a  little  heavier 
than  water;  they  are  generally  about  one-third  of  the 
bulk  of  the  water  in  the  pumps.  By  this  counterweight 
the  piston  is  drawn  upwards,  and  it  would  even  rise, 
although  the  steam  which  b  admitted  was  not  quite  so 
elastic  as  common  air. 

Suppose  the  mercury  in  the  barometer  to  stand  at  90 
inches,  and  that  the  preponderancy  at  the  outer  end  of  the 
beam  was  equal  to  ^th  of  the  pressure  of  the  air  on 
the  piston,  the  piston  would  not  rise  until  the  elasticity  of 
the  steam,  was  equal  to  30 — ^,  that  is,  26}  inches  nearly ; 
but  if  the  steam  was  just  equal  to  this  quantity,  the  piston 
would  rise  as  fast  as  the  steam  of  that  density  could  be 
supplied  to  the  cylinder  through  the.steam  pipe;  and  on 
this  supposition  the  velocity  of  the  ascent  would  depend 
on  the  velocity  of  that  supply.'  But  this  is  not  the  case 
in  practice,  because  the  steam  must  be  stronger  than  the 
air,  in  order  to  blow  out  and  discharge  the  air;  it  will 
therefore  enter  the  cylinder  without  any  effort  of  the 
piston  to  draw  or  suck  it  in.  At  the  same  time  the  coun- 
terweight must  not  be  so  great  as  to  draw  up  the  piston 
with  that  force  which  will  cause  a  suction  within  the 
cylinder  greater  than  the  steam  pipe  can  supply,  or  it 
would  diminish  the  pressure  of  the  steam  within  the  cy- 
linder lower  than  the  atmosphere,  and  prevent  it  from 
«nifting  or  blowing  out  the  air. 

In  filling  the  cylinder  with  steam,  it  will  require  a 
much  more  copious  supply  of  steam  than  merely  to  (ill  up 
the  space  left  by  the  ascent  of  the  piston ;  for  as  the 
descent  of  the  piston  was  only  in  consequence  of  the 
vacuum  occasioned  by  the  interior  of  the  cylinder  being 
sufiiciently  cooled  to  condense  the  steam,  this  cooled  sur- 
face must  be  again  presented  to  the  steam  during  the  rise 
of  the  piston,  and  must  condense  steam  a  second  time. 
The  piston  cannot  rise  another  inch,  till  that  part  of  the 
cylinder  which  the  piston  has  already  quitted  has  been 
warmed  \ip  to  the  boiling  point,  and  much  must  be  ex- 
pended in  this  warming ;  for  the  inner  surface  of  the 
cylinder  piust  not  only  be  raised  to  the  heat  of  boiling 
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water  while  the  piston  rises,  biit  must  also  be  made  per- 
fectly dry,  and  the  film  of  water  left  on  it  by  the  ascending 
piston  must  be  completely  evaporated,  otherwise  it  will 
continue  to  condense  steam. 

On  this  account,  although  the  counterweight  is  not 
necessary  to  suck  in  the  steam,  the  moving  force  during 
the  ascent  of  the  piston  must  be  considered  as  resulting 
chiefly,  if  not  solely,  from  the  preponderating  weight  of 
the  great  pump  rods  ;  and  this  force  is  expended  partly  in 
returning  the  steam  piston  to  the  top  of  the  cylinder, 
where  it  would  be  again  preyed  down  by  the  air,  and  make 
another  working  stroke.  This  latter  requires  force  inde- 
pendent of  the  friction  inertia  of  the  moving  parts,  for 
each  bucket  must  be  pushed  down  through  the  water  in 
the  barrel,  which  must  li^  up  and  rise  through  the  valves 
in  the  bucket  with  a  velocity  proportioned  to  the  velocity 
of  the  bucket,  in  the  same  degree  as  the  area  of  the  pump 
barrel  is  proportioned  to  the  opening  of  the  valves  through 
which  the  water  must  pass. 

From  this  general  consideration  of  the  ascent  of  the 
piston,  we  may  see  that  the  motion  differs  greatly  from 
the  descent;  it  can  hardly  be  supposed  to  accelerate  it, 
even  if  the  steam  were  supplied  to  the  cylinder  in  ever 
such  quantity;  for  the  resistance  to  the  descent  of  the 
pump  bucket  is  the  same  with  the  weight  of  the  column  of 
water,  which  could  cause  water  to  flow  through  the  valves 
of  the  buckets  witl\  the  velocity  with  which  it  really  rises 
through  them ;  and  this  resistance  must  therefore  increase 
as  the  square  of  that  velocity  increases ;  that  is,  as  the 
square  of  the  velocity  with  which  the  bucket  descends. 
Independent  of  the  force  of  friction  and  the  weight  of  the 
valves,  the  velocity  of  descent  through  the  water  must 
soon  become  a  maximum,  and  the  motion  will  become 
uniform.  Accordingly^  any  one,  who  observes  with  atten- 
tion  the  working  of  a  steam  engine,  will  see  that  the  rii^e 
of  the  piston  and  descent  of  the  pump  rods  are  extremely 
uniform,  whereas  the  working  stroke  is  very  sensibly 
accelerated. 

These  two  motions  complete  the  period  of  the  operation, 
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and  the  whole  may  be  repeated  by  shutting  the  regulator, 
and  opening  the  injection  cock,  whenever  the  piston  has 
attained  the  proper  height.  For  the  first  two.  or  three 
strokes,  the  opening  and  shutting  of  the  cocks  are  per- 
formed by  the  attendant;  but  when  he  has  thus  ascer- 
tained that  all  parts  are  in  order,  he  puts  the  pins  into  the 
holes  of  the  plug  frame,  and  the  motion  of  the  engine  will 
then  actuate  its  own  machinery,  and  perform  its  recipro- 
cations with  greater  regularity  than  can  be  done  by  hand. 


In  the  year  1720,  Leupold,  the  author  of  ^<  Theatrum 
Machinarum**  constructed  the  first  high-pressure  engine* 
Previous  to  this,  the  only  use  to  which  steam  had  been 
effectively  applied  was  in  the  formation  of  a  vacuum  :  true 
it  is,  that  in  the  projects  of  De  Cans,  Branca,  and  Savery 
the  elastic  force  of  steam  was  proposed  to  be  used ;  but 
the  failure  of  these  plans,  by  waste  of  steam  and  othei 
causes,  warrant  our  saying  that  the  plan  of  Leupold  enti- 
tles him  to  the  great  merit  of  having  invented  and  con- 
structed the  first  high-pressure  engine.  His  principle  was 
simply  that  of  applying  highly  elastic  steam  alternately 
upon  two  pistons  in  separate  cylinders,  so  that  as  one 
ascended  the  other  descended,  and  vice  versa. 

In  the  annexed  figure  (nearly  resembling  that  given  by 
Leupold)  the  boiler,  a,  communicates,  by  a  ^^  four-way 
cock,^^  with  the  bottom  of  two  open  topped  cylinders, 
having  pistons,  c,  cf,  moving  in  them.  These  pistons  are 
fitted  with  lead,  so  that  they  may  act  as  a  counterpoise  to 
the  pump  buckets  op.  They  are  likewise  attached  to  the 
beams  g  ft,  by  means  of  the  rods  e/.  To  the  other  ends  of 
the  beams  are  fixed  the  pump  rods  k  /,  which  work  two 
force  pumps  op.  9  is  a  perpendicular  pipe,  bended  round 
at  the  top,  so  as  to  convey  the  water  driven  up  the  pipe 
into  the  cistern  or  spout  f.  t  •  are  the  centres  of  the  two 
beams  g  h.  x  is  a  cock  so  constructed  as  to  alternately 
admit  the  steam  into  either  cylinder. 
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In  tlie  situation  of  the  machine  shewn  in  the  fi^nre^  the 
steam  in  the  boiler  flows  through  the  open  passage  into 
the  cylinder  r,  and  presses  the  piston  c  upwards:  this  de- 
presses the  pump  rod  ky  and  forces  the  water  under  the 
plunger,  up  the  pipe  9.  When  the  steam  has  raised  the 
piston  c  to  nearly  the  top  of  the  cylinder,  the  cock  x  is 
turned  one  £cMirth  of  a  revolution,  so  that  it  opens  a  pas- 
sage between  the  cylinder  «,  and  the  boiler;  and  between 
the  cylinder  r,'and  the  open  air.  The  weight  of  the  rody^ 
and  the  lead  in  the  piston  c,  being  greater  than  it  and  o, 
the  piston  descends  by  its  gravity  to  the  bottom  of  the 
cylinder,  driving  out  the  steam  which  raised  it  into  the 
atmosphere.  From  the  construction  of  the  ^^/aur^way 
coctj*^  at  the  moment  in  which  the  passage  into  the  cylin- 
der r  was  closed,  another  passage  was  opened  between  the 
boiler  and  cylinder  s;  the  elasticity  of  the  steam  forces  the 
piston  d  upwards,  and  depresses  the  plunger  at  the  end  of 
the  rod  ^  and  impels  the  water,  in  the  barrel  p  under  it, 
up  the  pipe  q.  When  the  piston  d  has  reached  the  top  of 
the  cylinder,  or  made  its  stroke,  the  farther  passage  of 
steam  from  the  boiler  is  shut  off,  by  turning  the  cock  jc; 
and  the  steam  escapes  into  the  atmosphere  through  z ;  and 
d  descends  in  the  cylinder  by  its  preponderance  in  the 
same  manner  as  c.  During  the  ascent  of  d,  c  has  fallen  to 
the  bottom  of  the  cylinder  r.  The  steam  passage  from 
the  boiler  being  then  opened,  c  is  again  raised  in  its  cylin- 
der, while  the  vapour  in  s  is  escaping  into  the  atmosphere; 
thus  producing  an  alternate  vertical  mation  in  the  pump 
rodsJtL 


Z 


I.EUPOT.D  ■  ENGim. 


(Zeupold't  Eiigine.     1720.) 

Such  was  the  construct!oji  oT  the  (ir>it  high-prenture  en- 
gine, which  for  eimplicitj'  has  never  been  exceeded.  The 
extended  use  of  such  engines  at  the  present  day,  proves 
that  the  public  opinion  is  materially  changed  in  regard  to 
their  utility  and  safety.  The  risk  of  explosion  was  a 
drawback  upon  them,  which  successive  improvements  and 
skilful  management  have  almost  annihilated ;  and  we  have 
no  doubt  but  that,  eventually,  the  low-pressure  or  con- 
densing engine  will  be  entirely  abandoned  in  their  fa- 
vour. Their  superior  economy,  by  reduced  consumption 
of  fuel,  and   r^uced   friction,  is   sufficient    ground  for 
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tkeir  general  adoption.  We  should  observe,  hoirever, 
tbat  there  is  still  a  mass  of  prejudice  to  eontead  With)  ere 
this  ean  possibly  take  place;  and  whilst  America  has 
scarcely  a  low-pressure  engine  to  work  a  9tean[i  boat,  it 
would  be  a  haoardous  specvlatioii  to  attempt  the  intro* 
duction  of  a  bigh-preasure  0116  in  England  for  that 
purpose. 

But,  from  the  importance  whicia  the  latter  doei^  and 
will  maintain,  in  the  mechanical  world,  it  will  not  be 
amisB  to  shew  the  advantages  which  it  possesses  i  and  we 
will  first  speak  of  that  obtained  by  a  saving  of  fuel. 

Water  does  not  boil  under  4  temperature  of  812*  of 
Fahrenheit,  at  which, temperature  Hs  force,  when  confined, 
is  barely  equal  to  that  of  the  atmosphere.  But  let  the 
temperature  be  increased  only  SS""  more,  (which  can  be 
effected  with  a  comparatively  small  addition  of  fuel,)  and 
its  force  will  be  S8  Ibe.  on  the  squlure  inch.  In  like  man- 
ner let  the  temperature  be  increased  to  380"^  and  the  force 
will  be  equal  to  661bs»  Thus,  the  inqr^sed  force  far 
exceeds  the  increased  consumption  of  fuel^  and,  con- 
sequently, the  greater  the  pressure  of  th0  steam,  the 
greater  will  be  the  saving.  Recent  ejEperiments  have 
proved  that  steam,  when  heated  to  J 170%  will  act  with  a 
force  of  56,000  lbs.  on  the  square  inch ;  so  that  we  find 
250*  gives  a  force  of  only  2S  lbs*  whilst  rather  more  than 
four  times  that  temperature,  or  1170*^  gives  2000  times  the^ 
force ;  a  fact  sufiiciently  establishing  the  superior  economy 
of  high-pressure  steam. 

It  should  be  observed,  however,  that  we  by  no  meansr 
believe  that  such  pressure  can  be.  used  with  safety ;  but  we 
merely  state  the  fact  to  establish  the  position  that  high- 
pressure  engines  are  more  economical  than  low-pressure 
ones. 

The  saving  of  power,  by  reduced  frictioOi  is  also  ano- 
ther material  advantage  in  the  former,  because  it  is  evident 
that  if  a  force  of  fiOlbs.  be  obtained  per  square  inch,  for  10 
or  1%  in  the  condensing  plan,  the  area  of  the  piston  will 
be  smaller  in  the  same  proportion  a*  the  force  is  increased, 
in  order  to  produce  a  given  effect;  therefore,  ihe  edges  of 
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Ihe  piston  being  reduced  also,  there  will  be  less  rubbings 
surface  than  in  the  other. 

Hitherto,  steam  had  been  only  employed  in  raisin|^ 
water,  nor  had  any  plan  been  devised  by  which   it  could 
be  adapted  to  imparting  motion  to  machinery;  Savery^ 
indeed,  says  his  machine  might  be  applied  ^^  to  mills  of 
rarious  kinds  and  forms,  according  to  the  different  genius 
and  abilities  of  the  millwright;*'  and  that  ^^  it  may  be 
brought  to  work  by  a  steady  stream,'*  (on  a  wheel),  ^'  and 
produce  a  rotatory  or  eircutar  motion  ;**  and  hints,  that  it 
might  be  made  very  useful  in  ships,  but  he  dare  not  med* 
die  with  that  matter;  and  leaves  it  to  ^Mhe  judgment  of 
those  who  are  the  best  judges  of  fiuirtYJan  affairs;*'  but 
since  Savery's  machine  itself  failed,  of  course  the  projects 
perished  with  it.    After  the  important  improvements  of 
Newcomen,   it  will    appear  evident  that  any   effectual 
method  must  be  very  different  from  this ;  and,  accordingly,, 
we  find  a  patent  taken  out  in  1796,  by  Mr.  Jonathan  Hulls, 
of  London,  ^For  a  new-invented  machine  for  carrying 
vessels  or  ships  out  or  into  any  harbour,  port,  or  river, 
against  wind  or  tide,  or  in  a  calm."     This  new  method 
was  the  application  of  the  cranky  which  now,  it  is  well 
known,  enables  us  to  employ  the  steam  engine  as  a  prime 
mover  in  almost  every  species  of  machinery. 

Unfortunately,  the  public  mind  was  not  sufficiently  ma* 
tured  to  interest  itself  in  the  project ;  and,  in  consequence. 
Hulls  and  his  patent  were  so  completely  forgotten^  that 
the  invention  has  been  subsequently  claimed  by  Mr.  Watt. 

We  should  here  observe,  however,  that  whilst  we  give 
due  praise  to  Hulls  for  the  greatness  of  his  project,  we 
feel  satisfied  that  Newcomen's  engine  was  not  at  all 
adapted  to  the  proposed  combination ;  as  the  great  differ- 
ence in  power  between  the  ascending  and  descending, 
stroke  of  the  piston  would  have  required  a  ponderous  fly 
wheel  to  have  any  thing  like  equality  of  motion,  and  a  fly 
wheel  would  be  an  inconvenient  accompaniment  to  a  steam 
boat.  The  idea,  however,  was  great,  and  the  ingenious^ 
inventor  deserved  better  success  than  he  obtained. 
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We  should  not  omit  in  this 
place  to  notice  Blakey's  patent, 
m  1766,  for  improvements  on 
Savery's  method  of  raising  wa- 
ter. To  avoid  condensation,  he 
proposed  to  introduce  oil  on  the 
surftice  of  the  water,  because 
oil  did  not  so  readily  absorb  the 
caloric ;  but  his  principal  im- 
provement consisted  in  the  boil- 
er, which  was  formed  of  small 
tubes,  completely  filled  with 
water.  The  proposed  improve- 
ments drew  forth  the  attention 
of  almost  all  the  scientific  men 
ef  his  day,  many  of  whom  de- 
clared it  possible  to  conduct  tho 
influence  of  steam  to  the  centre 
of  the  earth.  "But,"  says  Horn- 
blower,  "  an  accident  termina- 
ted the  event  as  to  the  experi- 
meotal  engine,   by  one  of  the 

steam  vessels  bursting  through        fBUkty'i  Ptient  BoStr.J 
the  force  of  steam,  though  much 

under  the  degree  of  power  proposed  by  the  Cornish  gen- 
tlemen. Such,"  continues  Homblower,  "  is  the  degene- 
racy of  man,  that  whilst  the  States  Gieneral  of  Holland 
were  pluming  Blakey  with  the  gaudiest  expressions  of 
approbation,  not  one  instance  is  to  be  found,  in  which  he 
met  with  that  support  he  had  been  led  to  expect." 

a  represents  the  furnace  in  which  the  tubes,  6  cd,  are 
placed,  which  are  connected  by  small  pipes ;  y*  is  a  funnel 
for  supplying  the  generator  with  water.  This  was  the  an- 
cient mode  of  supplying  all  boilers,  but  it  is  needless  to 
observe,  that  since  the  addition  of  the  force  pump,  the 
former  has  been  unnecessary,  e  is  a  cock,  for  the  purpose 
of  cleaning  the  boiler,  by  running  water  through  the 
whole.  The  pipe  which  connecta  the  generator  with  the 
engine  is  not  shown. 
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Mr.  Keane  Fitzgerald,  a  gentleman  of  great  seieatific 
acquircmentB,  and  whose  ingenioiu  discoveries  stand  re- 
corded in  the  Philosophical  Transactions,  (iese'ribes,  in  the 
jrear  1758,  an  invention,  by  which  he  proposed  to  obtain  a 
rotatory  tnotioD  from  a  rectilineal  one,  in  another  way 
than  by  the  crank,  the  application  of  which  was  unknown 
to  him.  No  drawing  has  ever  been  given,  and  we  ttiere- 
fore  give  the  accompanying  sketch,  which  we  gather  from 
the  words  of  the  inventor :  they  are  as  follow — 

"  A  rotatory  motion  may  be  obtained  from  a  rectilineal 
one,  by  employing  a  combination  of  large  toothed  wheels, 
and  of  smaller  ratchet  wheels,  worked  by  teeth  upon  the 
arch  or  sector  of  the  beam,  one  of  these  ratchet  wheels 
being  put  in  motion  by  the  ascent  of  the  beam,  and  stand- 
ing still  during  the  descent,  when  another  ratchet  wheel 
is  moved  by  an  intervening  wheel  in  the  same  direction  as 
the  first;  and  thus  the  two  communicate  a  continuous 
rotatory  motion  to  the  axis  upon  which  they  are  placed, 
which  is  thence  transmitted  by  a  large  toothed  wheel  to  a 
smaller  wheel  or  pinion,  on  the  shaft  of  which  is  a  fiy  to 
accumulate  momentum,  and  crank  proposed  to  be  applied 
to  work  ventilators,  and  to  many  other  useful  purposes. 
The  fly,  by  accumulating  in  itself  the  power  of  the  machine 
during  the  time  itwas  acted  upon,  would  continue  in 
motion,  apd  urge  forward  the  machinery,  whilst  (he  steam 
engine  was  going  through  its  inactive  returning  stroke." 

Let  a,  then,  represent  the  cy- 
linder on  the  principle  of  New- 
comen;  6  c,  two  racks,  of  which 
c  is  the  piston  rod ;  these  racks 
are  toothed  on  two  angles,  two 
for  the  purpose  of  being  moved 
by,  and  giving  motion  to  the 
connecting  pinion  d,  and  the  re- 
maining two  for  the  purpose  of 
working  the  sectors,  cf;  these 

sectors    have    palls  or  catches  (Fiixgtrald-i  Motim.  ITSaJ 
lixedon  each  of  them,  which  are 
situated  so  as  to  fnll  inlu  the  tcolh  of  the  ratchet'^,  g  k. 
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We  will  now  suppose  the  piston  rod  or  rack,  c,  to  be 
ascending:  then  the  catch  on  the  arm  of  the  sector  will 
turn  round  the  ratchet,  and  the  axle  upon  which  Jt  is 
fixed,  a  portion  of  a  revolution.  This  motion  will  be  con- 
tinued until  the  piston  has  reached  the  top,  when  the  pall 
of  the  sector,  /,  falls  into  the  next  tooth  of  the  ratchet. 
The  moti<Ni  of  the  pbtoa  is  now  re^^rsed;  but  by  the 
intervention  of  the  pinion  d,  the  rack  b  begins  to  ascend> 
and  repeats  the  same  operatien  upon  the  ratchet  g,  as  the 
other  sector  did  upon  A :  thus,  the  two  sectors  alternately 
•et  upon  the  ratchets,  and  keep  the  axle  in  a  continuous 
rotatory  motion;  this  motioft  is  communicated  to  another 
axle  by  the  wheels  t / :  on  the  latter  axis  a  fly  is  fixed, 
which  preserves  the  motion  equable  and  regular. 

There  is  much  ingenuity  in  this  invention,  although  we 
are  satisfied  it  would  neyer  answer  the  proposed  end. 
The  principal  objection  wovid  be  that  of  the  piston 
striking  violently  the  top  and  bottom  of  the  cylinder; 
because,  as  the  motion  et  the  iy  is  obtained  from  the 
direct  action  of  the  piston  rod,  any  decrease  of  speed  in 
that  must  likewise  decrease  the  speed  of  the  fly-wheel,  and 
therefore  produce  an  irregular  motion.  Not  so  the  com- 
mon crank,  which  naturally  retards  the  motion  of  the  pis- 
ton, as  it  approaches  tlie  top  «nd  bottom  of  the  cylinder, 
whilst  itself  revolyes  at  the  same  speed  throughout. 

We  now  cone  to  the  most  important  era  in  our  history : 
that  in  which  Mr.  James  Watt  commenced  his  invaluable 
exertions  in  the  improvement  of  the  Steam  Engine.  It 
belongs  not  t^  our  plan  to  give  biographical  sketches  of  the 
inventors  who  come  under  our  notice ;  but  as  the  beginning 
and  progress  of  Walt*^s  career  form  some  of  the  principal 
events  of  his  life,  our  History  must  here  assume  somewhat 
of  this  character. 

James  Watt  was  bom  in  Ghreenock,  in  the  year  1736. 
He  was,  at  the  age  of  sixteen,  apprenticed  to  a  mathema- 
tical instrument  maker.  This  business,  it  appears,  differed 
materially  from  what  we  now  understand  by  the  term,  as  it 
consisted  of  land-surveying,  making  and  repairing  clocks, 
almost  every  kind  of  musical  instruments,  fishing-tackle, 
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and  cutlery.  In  the  year  1757,  he  was  appointed  mathe- 
matical instrument  maker  to  the  University  of  Glasgow, 
and  apartments  were  assigned  to  him  in  the  College,  in 
which  he  lived  and  transacted  his  business* 

It  appears  that  at  this  period,  the  College  of  Glasgour 
possessed  apparatus  and  funds  by  which  they  were  enabled 
to  contribute  largely  to  the  general  diffusion  of  useful 
knowledge  among  that  class  of  individuals  to  whom  it  was 
peculiarly  beneficial.  This  was  one  among  the  many 
advantages  which  arose  from  the  establishment ;  but  the 
greatest  was  that  of  exciting  the  attention,  and  drawing^ 
forth  the  energies  of  young  Watt.  We  shall  give  the 
particulars  of  the  commencement  of  his  career  in  his  own 
words,  being  satisfied  that  we  cannot  exceed  them  either 
in  simplicity  or  effect. 

^^  My  attention,' '  says  he,  ^^  was  first  directed,  in  1759, 
to  the  subject  of  steam  engines,  by  Dr.  Robbon,  then  a 
student  in  the  University  of  Glasgow,  and  nearly  of  my 
own  age.  Robison  at  that  time  threw  out  the  idea  of 
applying  the  power  of  the  steam  engine  to  the  moving  of 
wheel  carriages,  and  to  other  purposes ;  but  the  scheme 
was  not  matured,  and  was  soon  abandoned  on  his  going 
abroad. 

^^  In  1761,  or  1762,  I  made  some  experiments  on  the 
force  of  steam  in  a  Papin's  digester,  and  formed  a  species 
of  steam  engine,  by  fixing  upon  it  a  syringe  one  third  of 
an  inch  in  diameter,  with  a  solid  piston,  and  furnished 
also  with  a  cock  to  admit  the  steam  from  the  digester,  or 
shut  it  off  at  pleasure,  as  well  as  to  open  a  communication 
from  the  inside  of  the  syringe  to  the  open  air,  by  which 
the  steam  contained  in  the  syringe  might  escape.  When 
the  communication  between  the  cylinder  and  digester  was 
opened,  the  steam  entered  the  syringe,  and,  by  its  action 
upon  the  piston,  raised  a  considerable  weight  (fifteen 
pounds)  with  which  it  was  loaded.  When  this  was  raised 
as  high  as  was  thought  proper,  the  communication  with 
the  digester  was  shut,  and  that  with  the  atmosphere 
opened  ;  the  steam  then  made  its  escape,  and  the  weight 
descended      The  operations  were  repeated)  and,  though 
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in  this  experiment  the  cock  waa  turned  by  hand,  it  was 
easy  to  see  bow  it  could  be  done  by  the  machine  itself,  and 
make  it  work  with  perfect  regularity.  But  I  soon  re- 
linquished the  idea  of  constructing  an  engine  upon  this 
principle,  from  being  sensible  it  would  be  liable  to  some  of 
the  objections  against  Savory's  engine ;  namely,  from  the 
danger  of  bursting  the  boiler,  and  the  difficulty  of  making 
the  join  ts  tight ;  and  also  that  a  great  part  of  the  power  of 
the  steam  would  be  lost,  because  no  vacuum  w^s  formed 
to  assist  the  descent  of  the  piston/'* 

The  attention  necessary  to  bis  business  of  a  mathemati- 
cal instrument  maker,  prevented  him  from  prosecuting  the 
subject  any  fdrther  at  this  time.  But  in  the  year  of 
1763-4,  having  occasion  to  repair  «  model  of  Newcomen's 
engine,  belonging  to  the  Natural  Philosophy  Class  of  the 
University,  his  mind  was  again  directed  to  the  subject. 
At  this  period  his  knowledge  was  derived  principally  from 
Desaguliers^  and  partly  from  Belidor.  He  set  about  re- 
pairing the  model  as  a  mere  mecJumUian^  and  when  that 
was  done  and  set  to  work,  he  was  surprised  that  its  boiler 
was  not  supplied  with'  steam,  though  apparently  quite 
large  enough  (the  cylinder  of  tke  model  being  two  inches 
in  diameter  and  six  inches  stroke,  and  tbe  boiler  about 
nine  inches  in  diameter) ;  by  blowing  the  fire  it  was  made 
to  take  a  few  strokes,  but  required  an  enormous  quantity 
of  injection  water,  though  it  was  very  lightly  loaded  by 
the  column  of  water  in  the  pump.  It  soon  occurred 
to  him  that  this  was  caused  by  the  little  cylinder  exposing 
a  greater  surface  to  condense  the  steaqi  than  the  cylin- 
ders of  larger  engines  did,  in  proportion  to  their  re- 
spective contents ;  and  it  was  found  that  by  shortening 
the  column  of  water,  t^ie  boiler  could  supply  the  cylinder 
with  steam,  and  the  engine  would  work  regularly  with  a 
moderate  quantity  of  injection.    It  now  appeared  that  the 

*  The  reasons  here  given  by  the  historian  will  appear,  to  modern 
mechanicii,  very  futile  and  insufficient.  It  is  not  a  matter  now  of  any 
'*  difficulty  to  make  the  joints  tight;'*  and  high-pressure  steam,  it  is 
well  luiown«  is  jnore  economical  than  that  with  which  Mr.  Watt 
worked  his  engines, 

3.  H 
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cylinders  beiii^  of  brass  would  conduct  heat  much  better 
than  the  cast-iron  cylinders  of  larger  engines  (which  were 
generally  lined  with  a  strong  crust),  and  that  considerable 
advantage  could  be  gftih^^  by  making  the  cylinders  of 
some  substance  thai  WotiM  Heteite  aind  give  out  heat  the 
slokest.*    A  stfialt  tyltedef,  (ff  six  inches  diameter  aod 
twelve  inches  dtiV>k^;  i^ab  wnstimeted  6f  woody  previously 
soaked  in  linseed  6il/flfid  bakeil  to  dryness;    Sbtee  experi- 
ments were  mad«f  with  It  r  but  it  wl»  fodntf  that  eyliiiders 
of  wood  were  not  at  Al  •HkMy  tt>>  j^ro^e  dvrable,  alid  that 
the  steam  wbic^' wa^  ^^Hfidtfied  in-fllliog  it^  stiil  exceeded 
the  proportion- o9  thaf,  *#Hfoh  was  required  in  engines  of 
largtsr  dimensi^nA*     It  triM  also  afteertain^cl,  that  uniesa 
the  temperature  af  thfe  cylinder  itself  were  r^uced  as  low 
as  that  of  \h^  taea^in,  it'  iNmld  prodmee  vapour  of  a 
temperature  snflScient  to  r^ebtet  pttrt^olf  the  pressure  of  thd 
atmos(Aeii^>    Aill'attdnlpta,<tb«Teforey  to  rc^duce  by  a  bet- 
ter exhaustive;  by  throwing  iv  a  gresittfr  quantity  of  injec« 
ttoh  ita«er,  #ad  a  Wast«  of  Meam ;  for  the  larger  mass  of 
injected  Water  cool^  the  cyliiideir  so  mud^,  asrto  require 
a  quantity  bf  steanvM  heat  it  again,  out  of  proportion  to 
the  powei-  gaSfted  ly^lMvtflg  made  a  more  perlsdt  vacuum ; 
and  bu'  this*  accbiiflt  the  old  -  (Engineers  a^eted  wisely  in 
loading  the  engine  with  only  six  or  seven  pounds  weight 
on  ^aclr  square  Mrcb'  ^ihe  piston. 

It  appears  by  Dt.  Vt^  that  Watt  tried  some  experi- 
menfa  regarding  khe  latcKit  heat  of  steam,  of  which  tiM 
Doct6r  gives  the  following  account : — ^<  In  some  conver- 
sations  with  wliich  this  ^eat  ornament  and  benefac^tor  of 
his  country  honoured  me,  k  short  period  before  his  death, 
he  described,  with  delightful  kdiv^iy  the  simple  but  deci- 
sive experiments  by  which  he  discovered  the  latent  heat  of 

'*  The  inventor  was  right  in  piioposingto  nse  some  material  which 
wuuld  receive  and  give  onl  heal  the  slowest,  bnt  greatly  {n  error 
when  he  supposed  poli$hed  surjkees  would  conduct  heat  quicker  than 
rongh  ones.  It  has  been  repeatedly  proved,  that  rongh  surAicM  arc 
best  adapted  to  give  out  or  receive  heat,  the  nnevenness  ot  the  sar* 
faces  acting  hke  an  imniente  nnmber  of  condnctors  to  and  fWm  tfai 
metal. 
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tfCeam.  His  neans  aJid  lebure  boI  tbeii  p^fmUtipg'  an  ex- 
peii9i?e  an4  e^mplele  appucalus^  Iijb  n^e^  apothecariea' 
phials.  Witb  iheve^  he  iMc^rtaia^d  the  <wp  OBaia  focts ; 
fir9ty  thftt  a  cubic  inch  of  water  would  form  about  «  cubic 
foot  of  ordinary  steam,  pr  172S  ioehes ;  aii4  t^t  the  con- 
densatioa  of  t^  qpa^tity  pf  ateam  wpiili  heat  m  cubic 
inches  of  w^ter,  from  the  ^tn^ospheric  pressBi^  to  the 
bpil.ii^  ppint*  I)e«ce  he  si^w  that  sii^  time^  the  djJTerence 
of  tefmiiieratare,  pr  liiUy  800""  ef  heajt,  ha4  been  employe^ 
in  givii^  elasticily  to  steam^  afiA  which  PUB^  be  all  syb^ 
tracted  before  a  complete  v^cpniV'  eoi|ld  bp  ^MiliBed  vnder 
Ih^  piston  of  a  steam  eagiae/' 

The  great  experi|P€Atalist  deser;? es  as  much  praise  for 
these  experiments  as  for  any  i)ii9g.  he  pver  e^Tected.  Upon 
the  facts  developetd  in  this  inquiry,  he  cunstructed  th^ 
theory  which  will  c^rry  his  nao^  to  posterity.  Although  he 
modestly  ascribe^  hia  discovery  tQ  Dr.  Black's  ei^planation 
of  his  theory  qf  IfU^  ie^^  there  can  be  no  4oubt  that 
these  experiments  w^re  piore  decisive  apd  useful  than  ,any 
theoretical  explani^tion  could  possibly  be. 

He  found,  theifefore,  that  his  first  business  w#  to  keep 
4ie  cylinder  as  hot  as  possible,  and  that  to  obtain  a  tole« 
jr^ble  vacuum,  the  t^mperiiture  of  the  condensed  steam 
should  be  at  most  100'',  and  less  if  f>96sible.  V^ious  were 
the  means  whic;h  were  contemplated  to  effect  these  ends, 
.when,  early  in  17Ci5,  it  struck  him,  ^^^AsU  tfa  eommtmtca- 
tian  loere  opened  between  a  cylinder  eont^ing  steam,  a^d 
^mother  vessel  which  was  e^fhoMsted  qfqir  and  other  fluidsy 
the  steamy  OiS  an  eaqHUtsibU  finid,  wo9^d  tofmediai^  rush 
p^to  the  fimptjf  vessel,  4^  continue  to  do  s^  tmtil  it  had 
established  on  equilibrium;  and  if  that  vessel  were  kept 
very  cod,  by  an  injection  or  othenmse^  piwre  steam  would 
Cfintinne  to  e^er  usitil  the  whole  werejoffid^^wd/' 

So  far  we  have  :the  in ventipp. complex ;  but  ^till  the 
^Hidenspd  yreJt^r  and  incondensfple  steam  were  not  dis- 
posed of,  and  haw  to  rid  the  condenser  of  these  was  Ipng 
a  matter  of  difficulty.  The  water,  indeed,  could  be 
allowed  to  run  oif,  by  having  a  pipe  whose  length  would 
.  exceed  that  of  a  colamn  of  water  equivalent  to  the  pres- 
sure of  the  atmosphere,  but  the  air  was  not  removed.    At 
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fest  iC  occurred  to  him  that  a  pump  would  draw  off  both  air 
and  water,  and  preserve  a  perfect  vacuum  in  the  condenser. 

Thus  was  completed  one  of  the  greatest  inventions  ever 
hnown.  'By  the  simple  operation  of  thought,  in  a  few 
days,  was  effected  that  which  had  hitherto  been  deemed  an 
impossibility — a  hot  cylinder  and  a  perfect  vacuum. 

We  should  act  unfairly  if  we  concealed  that  Mr.  Watt 
has  been  denied,  by  some  men  of  great  respectability,  the 
merit  of  discovering  the  separate  condenser.  Hornblower 
says,  ^^  It  occurred  to  Mr.  Gainsborough,  the  pastor  of  a 
dissenting  eongregation  at  Henley  on  Thames,  and  brother 
to  the  painter  of  that  name,  that  it  would  be  a  great  im- 
provement to  condense  the  steam  in  a  vessel  distinct  from 
the  cylinder  where  the  vacuum  was  formed ;  and  he  under* 
took  a  set  of  experiments  to  apply  the  principle  he  had 
established,  which  he  did,  by  placing  a  small  vessel  by  the 
side  of  the  cylinder,  which  was  to  receive  just  so  much 
steam  from  the  boiler  as  would  discharge  the  air  and  con- 
densing  water,  in  the  same  manner  as  was  the  practice  from 
the  cylinder  itself  in  the  Newcomenian  method,  that  is, 
by  the  shifting  valve  and  sinking  pipe.  In  this  manner  he 
used  no  more  steam  than  was  just  necessary  for  that  parti- 
cular purpose.  The  circumstances  as  here  related  receive 
some  confirmation  by  a  declaration  of  Mr.  Gainsborough, 
the  painter,  to  Mr.  J.  More,  late  secretary  to  the  Society 
of  Arts,  who  gave  the  writer  of  this  article  the  informa- 
tion. Whether  he  clothed  the  cylinder  as  Mr.  Watt  does, 
is  uncertain ;  but  his  model  succeeded  so  well,  as  to  induce 
some  of  the  Cornish  adventurers  to  send  thefr  engineers 
to  examine  it ;  and  their  report  was  so  favourable  as  to 
induce  an  intention  of  adopting  it.  This,  however,  was 
soon  after  Mr.  Watt  had  his  Act  of  Parliament  passed  for 
the  extensron  of  his  term ;  and  he  had  at  the  same  time 
made  proposal  to  the  Cornish  gentlemen  to  send  his 
engine  into  that  county.  This  necessarily  brought  on  a 
competition,  in  which  Mr.  Watt  succeeded ;  but  it  was 
asserted  by  Mr.  Gainsborough,  that  the  mode  of  condens- 
ing out  of  the  cylinder  was  communicated  to  Mr.  Watt  by 
the  officious  folly  of  an  acquaintance,  who  was  fully  in- 
formed of  what  Mr.  Gainsborough  had  in  hand." 
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At  this  date  it  is  impossible  to  decide  the  merits  of  their 
respective  claims.  It  does  not  appear  that  much  credence 
has  been  given  to  the  statement  of  Hornblower  by  recent 
writers,  but  we  certainly  consider  that  it  throws  consider- 
able doubt  upon  the  matter.  We  by  no  means  think  with 
Dr.  Brewster,  that  Hornblower 's  ignorance  of  these. cir- 
cumstances, when  examined  before  the  House  of  Com- 
mons, precluded  the  possibility  of  his  knowing  them  after- 
wards. But  there  is  so  much  detraction  where  there  is 
merit,  that  we  sincerely  hope  this  solitary  testimony  is 
dubious,  especially  when  we  consider  that  Mr.  Hornblower 
was  a  rival  of  Watt  during  the  whole  of  his  career. 

The  accompanying  drawing  represents  Watt's  engine, 
with  nearly  all  his  improvements,  and  exhibits  it  in  a  state 
of  perfection  to  which  it  was  only  brought  at  a  late  period 
of  his  life.  It  serves  our  purpose  better  to  explain  his 
successive  alterations  and  additions  in  this  way,  than  to 
give  separate  and  unconnected  diagrams,  which  would  but 
convey  to  our  readers  an  obscure  and  indefinite  idea  of 
their  arrangement.  We  shall  first  proceed  to  explain  the 
principle  of  this  machine,  and  afterwards  detail  the  dates 
of  the  improvements  as  they  were  added. 

Our  readers  must  suppose  the  cylinder,  a,  to  resemble 
that  of  Newcomen's  engine,  excepting  that  it  is  more 
accurately  bored,  so  that  it  may  be  perfectly  cylindrical 
throughout.*  It  is  fitted  with  a  lid  or  covering  at  top  and 
bottom,  instead  of  being  left  open  at  top  as  in  the  old 
engine.  In  the  centre  of  the  upper  covering  is  a  hole, 
through  which  the  piston  rod  passes;  on  this  lid  is  the 
stuffing  box  c,  the  lower  part  of  which  consists  of  a  hoop 


*  This  required  a  degree  of  perfection  in  the  art  of  boring,  which 
had  not  been  attained  previously  to  the  time  of  Watt  The  method 
hitherto  adopted  had  been  to  depend  upon  the  accuracy  of  the  casting 
for  the  guidance  of  the  cutter,  and  as  this  was  either  frequently  un- 
true, or  in  some  parts  softer  than  in  others,  the  t>oring  varied  from  the 
true  cylindrical  form,  when  either  of  these  mischances  aro^e.  The  im'> 
proved  method  obviated  these  objections  by  fixing  the  cutter  block 
firmly  upon  a  cylindrical  bar,  and  causing  the  cylinder  to  revolve  after 
it  had  been  accurately  chucked,  and  the  cutter  block  \va»  propelled 
the  length  of  the  cylinder  by  a  srrew  in  the  interior  of  IIk*  bar. 
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or  cavity,  with  a  fianch  and  screw  holes.  The  iiilerioi  of 
the  cavity  k  large  enough  to  admit  some  soft  vegetable 
substance  (hemp  or  cotton)  to  surround  the  piston  rod, 
which  is  likewise  accurately  turned.  The  covering,  i6r 
upper  part  of  the  stuffing  box,  is  less  than  the  interior  of 
the  cavity  in  which  the  stuffing  is  lodged ;  when,  there- 
fore, the  screws  are  tightened,  the  upper  Jpart  presses  the 
stuffing  closely  to  the  piston  rod,  and  prevents  the  escape  of 
steam,  d  is  the  beam  made  of  ctet  iron ;  it  rests  ilpon  the 
cMiIre,  «,  and  is  connected  at  the  fiftrther  etvd  by  the  con- 
fiecting  rod,/,  to  the  fly  wheel,  g-,  the  a^Kift  6f  which  drives 
the  machinery.  The  mdde  by  which  the  revolution  of  the 
fly  whed  is  effected,  is  by  what  Is  calted  a  mn  and  planet 
motion,  and  may  be  thus  explainied ; — hiB  a  tbothed  t^heel, 
boked  on  to  the  connecting  rod,  Bo  that  it  eahHOt  revolve 
upoki  its  axis,  o  is  likewise  a  toothed  wheel,  flxed  to  the 
fly  wheel  axis,  so  that  they  cannot  revolve  but  in  donjtinc* 
tion.  The  centres  of  the  tWo  wheels  are  cdMn^cted  by  a 
bar,  so  that  the  centre  of  th^  Wheel  A  d^cribes  a  circle,  of 
which  the  fly  wheel  axis  is  the  centre.  The  fly  whisel,  ih 
this  instance,  makes  a  revolution  at  each  ^^dke  of  the  pis** 
ton,  differing  essentially  fh>m  the  comnon  crank,  which 
makes  but  one  revolution  fo¥  two  stroke  of  the  piston. 
The  latter  may  be  compared  to  a  man  turning  an  -axle  by 
a  handle,  whilst  the  former  is  like  the  same  axle  turned 
by  a  wheel,  ^€d  upon  the  handle.  The  principle  will  be 
better  understood  by  reference  to  our  di«wing. 

Let  us  suppose  the  connectrttg  rod  to  be  destehding.  At 
present,  the  points  o  o  are  in  contact ;  but,  when  the  con- 
necting rod  has  descended  to  the  lowest  part  of  its  circle, 
the  points  q  g  will  be  in  cofttact ;  the  number  of  teeth 
between  o  and  q  corresponding  in  each  wheel ;  but  this 
cannot  take  place  until  the  wheel  h  be  directly  under  the 
wheel  on  the  fly  wheel  axis ;  and  aj  the  piston  has  but  half 
a  stroke  to  make  before  the  wheel  h  will  be  under  the 
other  wheel,  the  latter  wheel  must  perform  a  semi-revolu- 
tion, whilst  the  centre  h  has  only  described  one-fourth,  or, 
in  other  words,  for  each  half  stroke  of  the  piston  :  and  a 
whole  revolution  for  each  stroke  thereof.  The  advantages 
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of  which  are,  that  the  fly  wheel  makes  twice  the  number 
of  revolutions  by  this  method,  than  it  would  by  the  com- 
mon crank,  so  that  a  lighter  fly  wheel  is  required ;  besides 
which,  it  is  extremely  convenient  where  a  rapid  motion  is 
necessary.  There  are,  however,  several  disadvantages 
attending  it,  among  which  may  be  enumerated  those  of  its 
b^ing  less  simple,  more  expensive,  and  more  easily  de- 
ranged. 

A  6  fit  is  the  parallel  motion;  the  purpose  of  this  is,  id 
keep  the  piston  rod  perpendicular,  whilst  the  end  of  the 
beam  (to  which  it  is  attached)  describes  a  segment  of  a 
circle,  e/represents  the  motion  of  the  piston  rod,  and 
be  da  the  motion  of  the  end  of  the  beam,  the  centre  of 
which  is  at  g.  The  points  c  d  are  the  only  parts  where 
.  the  two  motions  coincide ;  and  it 
would  be  impracticable  to  con- 
nect a  piston  rod,  the  movement 
of  which  is  rectilineal,  with  the 
end  of  abeam  whose  movement  is 
curvilineal,  except  by  a  rack  and 
sector.  This  was  tried,  and  found 
extremely  objectionable,  and 
Anally  gave  way  to  the  parallel 
motion. 


The  following  explanation  will  inform  our  readers  of 
the  principle  of  all  such  parallel  motions,  a  represents  a 
beam,  of  which  b  is  the  centre,  and  c  d  another  beam  of 
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equal  leng^th.  e/is  a  rod  joined  to  the  end  e  of  the  beam 
d,  and  the  end  of  the  beam  /  of  the  beam  a.  The  piston 
rod  g  is  attached  to  the  middle  of  the  piece  ef\  and  as  the 
beams  are  of  equal  radii,  therefore  the  versed  sizes  are 
equal,  but  in  opposite  directions,  so  that  they  correct  each 
other;  for  when  the  endfote/  is  at  any  given  distance 
from  the  perpendicular  line  g  A,  the  lower  point  e  of  ^/is 
drawn  the  same  distance  from  the  perpendicular  in  the 
contrary  direction ;  and  thus  the  centre  of  the  piece  ef 
will  always  remain  in  the  parallel  line  g  h. 

Though  we  may  thus  illustrate  the  principle  of  the 
parallel  motion,  yet  this  method  is  seldom  or  never 
adopted,  as  it  requires  much  extra  room ;  because  the 
beam  c  d  being  half  the  length  of  the  main  beam,  the 
engine  house  must,  to  admit  it,  be  nearly  one  half  longer 
than  is  required  for  the  beam  alone.  The  form  generally 
preferred  is  that  given  in  our  connected  drawing,  to  which 
we  will  refer.  The  piston  rod  is  attached  by  pivots  to  the 
end  of  the  rod  or  rods  r,  which  are  also  connected  by 
pivots  to  the  end  of  the  beam.  The  rods  g  m  are  of  equal 
length  with  those  attached  to  the  piston,  and  turn  upon 
similar  pivots  on  the  beam.  These  rods  are  connected  by 
the  bridle  ifc,  so  that  the  ends  of  m  and  r  describe  a  similar 
line  when  in  motion.  The  beam  or  rod  e  m  is  equal  in 
length  to  the  part  of  the  beam  e  9,  so  that  e  gme  would 
separately  exhibit  the  same  appearance,  and  produce  the 
same  eifect  as  would  the  apparatus  exhibited  in  our  last 
diagram :  that  is  to  8%y,  there  is  a  point  in  9  m  which 
describes  a  rectilineal  motion.  We  hay,e  already  shown, 
that,  by  the  rod  ky  the  pieces  g  m  and  the  pieces  r  must  act 
in  conjunction ;  so  that  if  a  parallel  motion  be  obtained  in 
gm,  it  must  likewise  be  obtained  in  r.  To  that  part  of  r 
the  piston  rod  is  attached,  and  is  thereby  kept  parallel 
during  the  ascent  and  descent  of  the  beam. 

The  governor  or  pendulum,  «,  is  used  for  regulating  the 
quantity  of  steam  admitted  into  the  cylii^der,  and  may  be 
easily  understood.  The  balls  are  heavy^  and  rise  or  fall 
according  to  the  speed.     When   the   engine    goes    too 

3.  I 
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quickly,   they  also    revolve    with    equal    rapidity;    the 
centrifugal    force   of   the    b^lls    being    thus    increased^ 
they  recede   from    the    centre,    and    thereby    raise    the 
levers  by  which  they  are  suspended ;  these  levers  are  con- 
nected with  the  shorter  ones  ku,  which,  in  expanding, 
cause  the  ring  or  strap,  Wj  to  descend.     Into  a  groove  of 
this  ring  a  fork  or  semicircle  is  made  to  fit,  which  is  fixad 
to  the  end  of  the  lever  tr  H ;  so  that  as  much  as  the  strap 
ascends,  the  farther  end  of  the  lever  descends,  and  by  the 
rod,  H  Z,  depresses  the  handle  of  the  throttle  valve,  Z, 
which  is  a  vane  in  the  interior  of  the  steam  pipe,  of  such 
dimensions  as  to  completely  fill  the  pipe  in  one  position, 
and  by  presenting  its  edge  to  the  steam  in  another,  to 
oppose  no  resistance  to  the  entrance  of  the  steam. 

We  must  now  return  to  the  cylinder  and  condenser,  the 
latter  of  which  is  not  shewn,  but  may  be  briefly  described. 
It  consists  of  a  tube  immersed  in  cold  water,  and  connected 
at  the  bottom  by  a  pipe  to  a  pump,  which  is  worked  by 
the  rod,  4.     The  use  of  this  pump  is  to  preserve  the  va« 
cuum  by  drawing  oiF  uncondensed  vapour  and  the  water 
of  injection.    It  acts  precisely  on  the  same  principle  as  the 
common  air  pump,  and  bears  the  same  name,  the  receiver 
of  the  air  pump  being  the  condenser  of  the  engine,  and  the 
pump  similar  in  both.     We  will  now  suppose  steam  ad- 
mitted from  the  cylinder:    a  valve,  called  the  blowing 
valve^  is  opened,  which  permits  the  steam  to  enter  the 
cylinder  and  condenser,  and  drive  out  the  air.    When  the 
air  is  expelled,  which  may  be  known  by  the  crackling 
noise  and  ebullition  which  takes  place  in  the  water,  (the 
former  arising  from  the  globules  of  pure  steam  rapidly 
condensing,  and  the  water  thereby  collapsing,)  the  blowing 
valve  is  shut,  and  the  valves  arranged  so  that  the  steam 
can  enter  the  upper  part  of  the  cylinder.    The  steam  acting 
in  conjunction  with  the  vacuum  now  formed  on  the  lower 
side  of  the  piston  causes  it  to  descend  to  the  bottom.   The 
lever,  I,  is  now  turned  downwards,  and  shuts  that  valve, 
whilst  2,  on  a  pipe  behind  that  which  we  see,  opens  a  pas* 
sage  to  the  condenser.    The  lever,  3,  is  at  the  same  time 
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opened,  admitting  the  steam  under  the  piston,  which  con* 
sequently  ascends.  In  the  act  of  rising,  a  jet  of  cold  water 
L)  admitted  into  the  condenser,  which  expedites  the  con- 
densation. There  are  a  number  of  tappets  on  the  pump 
rod,  4,  which  repeat  the  changing  of  the  valves  when  the 
engine  is  left  to  itself.  The  water  in  the  reservoir  sur- 
rounding the  condenser  would  be  soon  heated  by  the 
stoam,  but  that  a  pump  worked  by  the  rod,  5,  keeps  a  con- 
stant supply  of  cold  water  from  the  well.  6  is  a  small 
pump,  which  supplies  the  boiler  with  water  from  the 
heated  water  drawn  out  of  the  condenser* 

Having  now  explained  the  mode  of  operation,  we  have 
to  state  that  the  first  engines  were  used  for  pumping 
water,  and  for  that  purpose  alone.  The  first  engine, 
therefore,  was,  like  Newcomen's,  a  single  acting  one,  as 
its  power  was  only  exerted  in  one  direction.  It  was 
covered  at  the  top  like  the  double  engine,  but,  instead  of 
having  the  steam  and  vacuum  to  aid  it  in  both  ascent  and 
descent,  the  vacuum  was  only  used  in  the  descending 
stroke  of  the  piston,  whilst  the  ascending  one  was  effected 
by  a  heavy  weight  or  counterpoise  at  the  further  end  of 
the  beam*  During  the  latter  operation,  the  steam  was 
admitted  by  a  valve  from  the  upper  to  the  under  side  ot 
the  piston,  and  was  there  used  for  forming  the  vacuum 
below.  By  this  method  the  air  was  entirely  excluded 
ftom  the  cylinder. 

.  The  first  engine  was  of  this  description  ;  it  was  erected 
on  the  estate  of  the  Duke  of  Hamilton,  at  Kenneil,  about 
a  mile  from  Borrowstoness,  in  Scotland.  The  cylinder 
w&s  eighteen  inches  in  diameter,  <<  and  it  was  successively 
altered  and  improved,  until  it  was  brought  to  considerable 
perfection/'  In  1768  and  9,  a  patent  was  procured,  in 
conjunction  with  Dr.  Roebuck,  (the  founder  of  the  Carron 
Iron  Works,  and  through  whose  interests  the  experimental 
engine  had  been  erected  at  Kenneil,)  and  arrangements 
were  made  to  manufacture  on  a  large  scale,  when,  flrom 
pecuniary  embarrassments,  the  Doctor  was  obliged  itk 
withdraw  his  promised  aid,  and  Watt  was  about  to  ahan« 
don  his  project.     Itfor|urately  happened,  however,  that 
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a  negotiation  was  opened  with  Mr.  Matthew  Bolton,  of 
Birmingham,  which  was  concluded  in  1773. 

From  this  time  things  went  on  successfully  ;  his  col-  [ 

league  was  a  man  of  wealth  and  influence,  and  lent  his 
utmost  aid  to  the  extension  of  the  sale,  which  was  effected 
with  ^;reat  difficulty,  chiefly  arising  from  the  increased 
cost  of  erection.  The  patentees  erected  the  engines  at 
such  prices  as  could  be  obtained,  and  received  a  third  part 
of  the  saving  of  coal,  which  saving  was  decided  by  a  ma-  ' 

chine  somewhat  similar  to  that  which  was  used  onWaterloo,  - 
Southwark,  and  Vauxhall  bridges.  It  consisted  of  a  train 
of  wheel-work,  working  like  clock-work,  commonly  at- 
tached to  the  beam  in  such  a  manner  that  by  every  stroke 
of  the  engine  it  moved  one  tooth,  so  that  the  index  told 
how  many  strokes  had  been  made  since  last  examined 
Two  sets  of  keys  were  kept,  one  by  the  proprietors,  and 
the  other  by  the  traveller  of  Messrs.  Bolton  and  Watt, 
who  went  round  at  stated  periods,  and  ascertained  the 
number  of  strokes  which  the  engine  had  made  during  his 
absence,  and  the  consumption  of  coal,  in  proportion  to  the 
work  done,  having  been  previously  decided,  the  advantage 
of  their  engine  over  the  atmospheric  was  easily  known. 

In  the  early  engines  a  rack  and  sector  were  used  for  the 
purpose  of  working  the  beam  by  the  piston  ;  but  this  was 
very  defective,  and  easily  disarranged,  especially  when  the 
direction  was  reversed.  This  gave  way  to  the  parallel 
motion,  one  of  the  brightest  thoughts  which  ever  occurred 
to  Mr.  Watt. 

Another  difficulty  was  the  irregular  motion  of  the 
engine,  which  was  subject  to  considerable  variation  in 
speed,  as  the  supply  of  steam  in  the  boiler  varied.  This 
was  obviated  by  the  governor  acting  upon  the  throttle 
valve,  which,  we  have  already  shown,  admitted  more  or 
less  steam,  as  the  speed  decreased  or  increased.  The 
governor  was  not  Watt's  invention,  but  had  been  pre- 
viously used  in  corn  mills,  which  were  subject  to  similar 
irregularity.  When  the  stones  moved  too  quickly,  the 
meal,  by  the  rise  of  the  stones,  was  too  coarse ;  when,  on 
the  contrary,  the  motion  was  slow,  the  meal  produced  was  . 
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small  in  quantity,  and  too  fine.  The  governor,  or  as  it 
was  then  called  the  tent-lifter,  brought  the  mill-stones 
nearer  when  in  rapid  motion,  and  removed  them  farther  off 
when  slow.  This  ingenious  regulator  was  applied  by 
Mr.  Watt  to  his  throttle  valve,  and  has  been  ever  since 
used  for  that  purpose. 

Mr.  Watt,  in  1778,  states,  that  he  contemplated  the 
practicability  of  obtaining  a  rotative  motion  from  the 
reciprocating  one ;  and  for  this  purpose  he  thought  of  the 
crank,  (for  which  we  have  seen  that  Hulls  had  previously 
obtained  a  patent,  but  which  was  unknown  to  Mr.  Watt), 
and  when  he  had  nearly  brought  his  project  to  bear,  and 
was  about  taking  out  a  patent  for  it,  he  found  that  a  Mr. 
Wasbrough,  of  Bristol,  had  already  obtained  a  patent  for 
the  crank ;  Mr.  Watt,  therefore,  finding  himself  thus  pre- 
vented from  using  his  invention,  set  about  something 
which  might  answer  the  purpose  instead.  This  he  effected 
by  his  sun  and  planet  wheel,  which  possesses,  as  we  have 
said,  some  advantages  over  the  other. 

Au  important  improvement  of  Mr.  Watt's  was  carried 
into  practice  in  1778.  It  consists  in  shutting  off  the  steam 
from  the  cylinder,  some  time  before  the  piston  has  com- 
pleted its  stroke,  so  that  the  remainder  may  be  performed 
by  the  expansion  of  the  steam  already  contained  in  the 
cylinder.  This  serves  as  a  method  of  regulating  the 
acting  force  of  the  engine,  because,  as  the  steam  can  be 
shut  off  at  any  part  of  the  ascending  or  descending  stroke, 
so  much  steam  may  be  admitted  as  barely  to  carry  the 
piston  through  its  required  motion,  and,  by  the  adjustment 
of  the  valve  gear,  the  quantity  of  steam  admitted  may  at 
all  times  be  varied  in  an  instant.  If  this  were  the  only 
advantage,  it  is  a  great  one ;  but  we  shall  make  it  appa- 
rent that  a  great  saving  of  fuel  will  likewise  be  effected 
by  this  method. 

If  the  whole  stroke  of  the  piston  be  divided  into  a  given 
number  of  parts,  say  ten,  and  each  subdivided,  the  pres- 
sure will  vary  in  each  subdivision,  according  to  the  follow- 
ing table.    The  pressure  of  steam  is  assumed  to  be  equal 
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to  fourteen  pounds  on  the  inch,  and  the  length  of  tbe 
stroke  to  be  eight  feet. 


Ik*  topnf  (IM 

•051 


eftlM  Maaoi  on  tk4  ptatoii 
MIfa*.  pari 
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0-804 
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It  is  stated  in  the  specification  that  the  sum  of  all  the 
varying  powers  is  greater  than  fifty-seven  hundredth  parts 
of  the  original  power  multiplied  by  the  length  of  the 
cylinder,  whereby  only  one  fourth  of  the  steam  necessary 
to  fill  the  cylinder  is  employed,  and  the  effect  is  more  than 
half  that  which  would  have  been  produced  by  the  cylinder 
full  of  steam.  Thus  the  sum  of  all  the  numbers  which 
express  the  action  of  the  steam,  taken  at  twenty  different 
places  in  the  descent,  is  11*583;  whilst  the  whole  pressure, 
represented  by  1,  and  taken  likewise  at  different  places, 
will  be  20;  it  is,  therefore,  «,W>  or  tVt* 

This  is  a  curious  fact,  and  sufficiently  proves  the  great 
economy  of  the  expansive  principle.  For,  had  steam  been 
admitted  during  the  whole  of  the  stroke,  the  accumulated 
pressure  would  have  been  6333x4,  or  %,8321b9.  The 
quantity  of  steam  consumed  during  this  stroke  would  have 
been  four  times  more  than  if  it  had  been  shut  off  at  one 
fourth  of  the  stroke,  and  yet  the  efiect  of  the  whole  is  only 
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five  thirds  of  that  produced  by  the  latter.  One  fourth  of 
the  steam  performs  three  fifths  of  the  work  which  woukl 
have  been  performed  by  the  whole. 

The  boiler  of  Mr.  Watt's  engines  was  generally  made 
of  what  is  called  the  waggon  form,  and  so  placed  on  the 
furnace  that  the  flame  passes  through  a  long  flue,  which 
goes  twice  round  the  bottom  part  of  the  boiler.  In  order 
to  ascertain  the  height  of  the  water  in  the  boiler,  two 
guage  cocks  are  employed,  one  a  little  above,  and  the 
other  a  little  below  the  proper  level  of  the  water.  Cour 
sequently,  if  the  water  be  at  the  proper  height,  the  lower 
cock  will  emit  water,  and  the  higher  one,  steam.  If  water 
should  issue  from  both,  it  is  evident  that  there  is  too  much 
in  the  boiler ;  but  if  steam  only  be  given  oat,  then  it  is  toe 
low.  The  supply  of  water  is  kept  up  by  a  small  pump, 
shewn  at  6,  in  our  drawing,  which  is  fed  from  the  hot- 
well. 

The  apparatus  on  which  the  safety  of  all  steam  engines 
depends,  is  the  safety  valve ;  that  of  Mr.  Watt  was  of  the 
lever  kind ;  the  valve  itself  is  conical,  and.  so  loaded  that 
its  weight  may  exceed  the  force  of  the  steam  within.  As 
soon  as  the  pressure  exceeds  the  load  on  the  valve,  it  lifts 
it  up,  and  the  steam  blows  off  until  the  equilibrium  be 
restored.  There  is  likewise  another  safety  valve,  which 
opens  inwards,  being  balanced  likewise  by  a  lever  and 
weight,  to  keep  it  shut.  Its  use  is  to  prevent  the  sides  df 
the  boiler  from  being  crushed  by  the  ptessure  of  the 
atmosphere,  when  the  engine  has  stopped,  and  the  atean 
within  is  condensed  by  the  removal  of  the  fire. 


Wb  now  come  to  speak  of  the  imperfections  attendant  on 
the  Bolton  and  Watt  engine :  these  are,  friction  from  the 
rubbing  of  the  moving  parts  against  .each  other*— the  reci«* 
procation  of  the  machinery,  and  the  irregularity  of  the 
motion  :  we  shall  notice  them  successively. 

First,  The  rubbing  of  the  parts  against  each  other. — 
This  evil  must  exist  in  every  conceivable  form  into  which 
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the  steam  engine  may  be  modified,  but  no  doubt  the  quan« 
tity  may  be  considerably  reduced.  The  steam,  in  order 
that  its  full  effect  may  be  obtained,  acts  against  a  moveable 
piston  in  a  cylinder  from  which  it  cannot  escape.  This 
piston  is,  as  has  been  explained,  packed  or  stuffed  on  its 
edges,  which  prevents  the  steam  from  escaping  past  it; 
and  from  the  nature  of  the  material  used  for  packing,  and 
the  tightness  with  which  it  is  pressed  against  the  cylinder, 
the  friction  arises.  This  is  sometimes  so  great,  that  we 
have  seen  engines  where  the  whole  force  of  the  steam 
could  not  give  them  motion.  It  is  usually  estimated  at 
one  third  of  the  power  of  the  steam — that  is  to  say,  if  the 
steam  acted  upon  a  piston  with  a  force  of  1500  lbs.,  the 
effect  produced  would  not  exceed  1000  lbs.,  a  power  of 
500  lbs.  having  been  absorbed  by  the  movement  of  the 
machinery  alone. 

The  next  objection  is  the  reciprocation  of  the  parts. 
This  is  an  evil  of  considerable  magnitude.  It  originates 
from  an  inherent  law  in  matter,  by  which  all  bodies  have 
a  tendency  to  continue  in  the  motion  communicated  to 
them,  or  remain  in  their  natural  state  of  rest.  If  a 
ball  be  discharged  from  the  mouth  of  a  cannon,  it  requires 
an  exertion  of  force  to  give  it  an  impetus  greater  than 
would  be  required  to  continue  its  motion.  If  its  progress 
be  arrested  whilst  in  motion,  a  shock  will  be  experienced 
by  the  body  which  impedes  it,  the  force  of  which  shock 
will  vary  as  the  velocity  of  the  ball.  When  this  ball  ceases 
to  move  without  any  visible  impediment,  it  is  not  that  its 
original  impetus  is  exhausted  or  spent,  (though  the  latter 
term  is  frequently  used,)  but  that  it  is  gradually  over- 
come by  the  particles  of  air,  which  form  a  succession  of 
points  of  resistance,  and  the  attraction  of  gravitation,  which 
has  a  tendency  to  draw  it  towards  the  centre  of  the 
earth.  Were  it  not  for  the  operation  of  these  com- 
bined but  invisible  forces,  the  ball  would  continue  in 
motion  for  ever,  because  nothing  would  intervene  to 
destroy  the  primary  impetus.  This  property  of  matter 
occasions  a  considerable  destruction  of  power  in  the  steam 
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engine.  The  motion  of  a  massive  beam,  and  its  necessary 
appendages  of  machinery,  a  piston,  connecting  rod,  paral- 
lel motion,  and  pump  buckets,  have  to  be  reversed  at  each 
BiroKe  of  the  engine,  and  that,  too,  when  the  speed  is  very 
great.  The  natural  state  of  rest,  or  vis  tnertuB^  (i.  e.  the 
force  of  inactivity,)  has  to  be  overcome *at  the  commence- 
ment of  each  stroke;  and  when  a  great  velocity  is  ac- 
quired, it  is  as  suddenly  checked  to  prepare  for  the 
returning  one.  This  unavoidably  produces  a  great  strain 
upon  the  machinery,  which  must  be  made  proportionably 
more  massive  :  and  it  requires  likewise  great  skill  in  the 
construction  of  the  engine  house,  to  prevent  its  being 
ultimately  destroyed,  by  the  alternate  push  and  pull  which 
it  experiences  at  each  reversion  of  the  beam.  We  have 
frequently  seen  the  best  constructed  engine  houses  shaken, 
and  almost  falling  to  pieces  from  this  cause. 

Various  schemes  have  been  proposed,  to  remedy  one  of 
the  evils  of  reciprocation.  We  mean  the  shock  expe- 
rienced by  the  reversion  of  the  motion.  It  is  not  expected 
to  prevent  the  loss  of  power  sustained  thereby ;  for  that 
must  remain  as  long  as  the  law  of  which  we  have  just 
spoken  exists.  Where  a  crank  and  fly  wheel  are  used  to 
obtain  a  rotatory  motion,  a  shock  is  prevented  l^y  the 
velocity  being  gradually  retarded,  the  crank  having  to 
perform  a  greater  portion  of  its  revolution  with  only  the 
same  surface  of  steam  at  the  commencement  and  termina- 
tion of  each  stroke  of  the  piston :  we  explain  our  meaning 
by  referencn  to  the  marginal  diagram.  ^ 
a  b  19  the  cifnk  of  a  steam  engine,  of 
which  the  semi-circle  cf,  c,  a,  c,  /^  repre- 
sents  the   motion  communicated   by  one 

::o 

a  to  c,  the  piston  is  at  its  greatest  speed, 
and  travels  nearly  at  the  same  velocity  as 
the  point  a  of  the  crank.      But   when  ^ 
moving  from  c  to  d,  an  equal  portion  of  a   f 
revolution,  the  piston  only  moves  a  distance  equal  to  gd, 


stroke  of  the  piston  ;  when,  therefore,  the  ^ 
crank  in  its  present  position  is  moved  from  \^ 
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ill  the  same  space  of  time,  as  it  had  previously  moved  a 
distance  equal  to  6  g^  almost  double  of  dg.    Hence  it 
appears  that  the  cranky  by  gradually  decreasing  the  speedy 
is  admirably  adapted  for  preventing  the  violent  shock 
which   would  otherwise   be   experienced  by   the  piston 
striking  the   top   and  bottom  of  the  cylinder,   and   by 
changing  the  motion  of  the  beam  too  suddenly ;  but  it  does 
nothing  towards  reducing  the  power  lost  by  reciprocal 
tion.     In  pumping  engines,  where  a  fly  wheel  and  crank 
are  not  used,  other  meaos  are  adopted  to  check  the  force  of 
the  piston,  or  guard  against  the  shock  of  suddenly  chang- 
ing the  motion  of  the  beam.     In  the  coal  districts,  the 
usual  way  is  to  shut  off  the  steam  when  a  part  of  the  stroke 
has  been  performed  ;  the  expansive  force  of  that  already  in 
the  cylinder,  together  with  the  impetus  of  the  piston  suf- 
ficing to  barely  carry  it  to  the  termination  without  vio- 
lence.    In  such  engines,  springs  are  sometimes  fixed  above 
and  below  the  beam,  so  as  to  check  its  progress,  should  the 
steam  possess  more  force  than  may  be  expected.     ^^  It  once 
happened,'*  says  Mr.  Parey,  "  that  the  valve  of  the  pump 
bucket  breaking,   the  engine  suddenly  lost   its  load  or 
resistance,  which  occasioned  the  piston  to  descend  and 
strike  on  the  spring  beams  for  two  or  three  successive 
strokes  with  such  violence  as  to  break  one  of  the  beams, 
and  at  last  the  piston  striking  the  bottom  of  the  cylinder, 
the  momentum  of  the  beam  forced  down  upon  the  rod  so 
violently  as  to  bend  the  great  piston  rod  quite  crooked. 
To  prevent  similar  accidents,  a  smaller  steam  pipe  was 
added  to  the  side  of  the  vertical  steam  pipe  communicating 
with  the  passage  into  the  bottom  of  the  cylinder.     This 
pipe  is  kept  closed  by  a  valve ;  but  if  the  engine  descends 
80  low  as  to  strike  on  the  spring  beam,  a  catch  pin  on  the 
beam  strikes  a  small  lever,  and  by  a  wire  of  communica- 
tion opens  the  valve,  and  lets  the  steam  into  the  lower 
part  of  the  cylinder  beneath  the  piston  and  thus  destroys 
the  vacuum,  so  as  to  prevent  the  farther  descent  of  the 
piston." 
This  addition,  it  will  be  understood,  applied  only  to  the 
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single  acting  engine,  but  it  serves  to  show  that  the  objec- 
tions which  we  have  given  arising  from  momentum  are  not 
merely  theoretical. 

The  beautiful  addition  of  the  crank  to  the  steam  engine, 
although  the  means  of  extending  its  utility  tenfold,  has 
been  the  subject  of  much  objection.  Engineers  and  others 
possessing  considerable  claims  to  the  character  of  scientific 
men,  have  not  unfrequently  maintained  that  there  is  a 
considerable  loss  of  power  by  the  change  in  the  length  of 
the  lever  as  the  crank  revolves.  We  shall  endeavour  to 
show  the  error  into  which  such  persons  have  fallen 

The  principle  of  the  lever  is  so  well  known,  that  it  is 
scarcely  necessary  to  explain  it :  lest,  however,  it  should 
not  present  itself  to  all  our  readers,  we  will  give  a  short 
description.  ^^  In  all  levers,  the  universal  property  is, 
that  the  effect  of  either  the  weight  or  the  power,  to  turn 
the  lever  about  the  fulcrum,  is  dii*ectly  as  its  intensity  and 
its  distance  from  the  prop;  whence  it  is  deduced,  that  if 
parallel  forces  acting  perpendicularly  upon  a  straight 
lever  keep  it  in  equilibrio,  they  will  be  to  each  other  reci- 
propally,  as  the  distances  from  the  fulcrum  upon  which 
they  act."*  Thus,  supposing  a  bar  of  four  feet  in  length 
be  fixed  upon  a  fulcrum  exactly  in  the  middle,  and  an 
ounce  weight  be  suspended  at  each  end,  the  two  ends  will 
be  in  eqnilibrio,  because  the  force  of  gravitation  is  equal, 
neither  possessing  it  in  a  greater  degree ;  but  if  the  ful- 
crum be  shifted  and  placed  three  feet  from  one  end,  then 
it  will  require  three  ounces  at  the  shorter  end,  to  balance 
one  ounce  at  the  other.  If  motion  be  given  to  the  shorter 
end  whilst  the  fulcrum  remains  the  same,  the  end  of  the 
longer  lever  will  traverse  three  times  the  space  of  the 
shorter. 

The  crank  of  a  steam  engine  is  a  lever  whose  fulcrum  is 
at  a.  It  is  the  nature  of  the  crank  that  its  power  or 
leverage  varies  with  its  position.  Liet  a  b  represent  the 
crank,  the  point  b  is  moved  by  the  connecting  rod,  and 
revolves  round  the  centre  a.     Supposing  the  resistance  be 


*  Good  and  Gregorjr. 
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equal  to  100  lbs.,  or  that  100  lbs.  have  to  be  raised  3.1416 
feet  for  every  revolution  of  the  crank — it  is  evident  if  a 
force  or  weight  exceeding  100  lbs.  be  applied  at  6,  whilst 
the  crank  is  horizontal,  it  will  be  sufficient  to  raise  the 
weight.  But  when  the  point  b  has  descended  to  c,  the 
length  of  the  lever  being  described  by 
its  sine,  the  vertical  line  e  o,  drawn 
through  a  b,  shows  6  a  to  be  the  length 
of  the  lever,  which  is  only  one  half  of 
b  a.  It  would,  therefore,  require  a 
weight  double  of  the  former  to  continue 
the  motion.  And  if  the  crank  descend 
to/,  the  vertical  line,  d/,  shows  cl  a  to 
be  the  length  of  the  lever,  and  to  be 
only  one  fourth  of  what  it  was  when 
horizontal.  When  it  reaches  g^  no 
power  on  earth  applied  through  the  medium  of  the  con- 
necting rod,  would  continue  the  motion  further. 

To  equalise  this  irregularity,  and  in  some  degree  to 
compensate  for  this  great  variation,  the  cylinder  is  of  such 
dimensions  as  to  give  out  a  considerably  greater  power 
when  the  crank  is  horizontal  than  is  then  necessary.  This 
extra  power  is  employed  to  give  motion  to  the  fly  wheel, 
which  is  of  sufficient  dimensions  to  retain  the  impetus 
until  it  be  past  the  point  d,  when  the  steam  begins  to  act 
With  effect  upon  the  lower  side  of  the  piston. 
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Let  a  represent  a  cylinder,  the  length  of  the  stroke  of 

the  piston  being  two  feet,     d  e  is  the  crank,  the  length  of 

which  is  one  foot ;  b  c,  the  beam,  the  fulcrum  of  which  is 

exactly  in  the  middle.     If  the  piston  be  put  in  motion,  the 

extreme  end  of  the  crank  will  describe  a  a3mi-circle  of 

3.1416  feet.     Now,  let  us  suppose  that  a  drum  be  fixed 

upon  the  axle  e,  whose  circumference  is  four  feet,  equal 

to  one  ascending  and  one  descending  stroke  of  the  piston 

If  a  weight  be  suspended  by  a  rope  to  this  drum,  as  at  A, 

the  power  of  the  engine  at  that  point  will  exceed  the 

power  necessary  to  raise  the  weight  as  much  as  d  6  exceeds 

t  e.    This  extra  power  is  communicated  to  the  fiy  wheel, 

which  faithfully  gives  it  out  when  required.     When  the 

crank  has  descended  so  as  to  decrease  the  length  of  the 

lever,  that  it  is  shorter  than  t  e,  then  a  portion  of  the  extra 

power  in  the  fly  wheel  is  absorbed  in  aiding  the  decreased 

leverage  of  the  crank.  And  although  the  power  gradually 

decreases,  yet  the  speed  of  the  piston  gradually  decreases 

also ;  so  that  if  the  power  of  the  crank  be  only  one  half  in 

a  certain  position,  yet  the  quantity  of  steam  used  is  only 

one  half,  and  thus  the  effect  of  no  part  of  the  steam  is 

wasted,  the  effect  being  in  every  point  equal  to  the  steam 

expended.     It  is  true,  that  if  we  could  have  applied  the 

power  at  a  point  equidistant  from  the  centre  in  every  part 

of  the  revolution,  we  should  have  obtained  much  greater 

leverage,  but  then  the  expenditure  of  the  steam  would 

have  been  proportionably  greater. 

We  will  further  explain  this  theoi^  by  referring  to 
another  diagram,  g  d  represents  a  lever  like  the  crank : 
g  being  the  axle,  a  b  are 
two  vessels  fitted  with  pis- 
tons, and  in  every  respect  re- 
semblingcylinders,  excepting 
that  they  are  curved  so  as  to 
describe  portions  of  circles 
formed  from  th^  point  g.  We 
will  suppose  that  the  piston 
in  a  acts  upon  the  extremity  of  the  cranky  and  that  m  6  at 
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half  the  distance  from  the  centre.  The  vessels  are  of  the 
same  area,  so  that  if  steam  were  introduced  from  a  boiler, 
it  would  press  with  equal  force  upon  each  piston,  and 
consequently  the  rods  would  each  press  with  an  equal 
force  .upon  the  points,  e  d.  Now  it  would  be  maintained, 
that,  because  at  e  there  is  only  half  the  leverage,  therefore  i 
half  the  effect  of  the  steam  in  b  is  lost;  but  it  will  be 
found,. that  if  that  lever,  g  d,  be  moved  any  given  distance  ' 

round  its  centre,  that  the  piston,  fr,  only  moves  half  the  ^ 

distance  of  the  piston,  a;  and,  consequently,  the  areas 
being  equal,  and  the  distance  but  one  half,  only  half  the 
steam  is  expended.  Hence  it  is  clear,  that  the  consump- 
tion of  the  steam  in  every  point  of  the  lever  is  only  equal 
to  the  effect  produced. 

There  are  minor  objections  against  Watt's  engine, 
which,  nevertheless,  should  be  noticed.  One  is,  the  waste 
of  steam  at  the  reversion  of  the  motion  of  the  piston. 
First,  from  the  pipes  between  the  valve  and  the  cylinder. 
In  filling  the  cylinder  these  must  be  filled,  and  in  dis- 
charging, these  must  likewise  be  emptied;  so  that  they 
are  filled  and  emptied  at  each  change  of  the  motion.  But 
in  the  cylinder  every  particle  of  the  steam  produces  an 
effect;  whilst  here  the  steam  used  produces  no  effect,  and 
is  therefore  wasted*  Secondly,  from  the  changing  of  the 
valves  themselves  at  the  improper  time.  Indeed,  there  is 
no  time  at  which  they  can  be  changed  without  disadvan- 
tage by  loss  of  steam;  and  the  di£Sculty  of  determining  the 
precise  time  frequently  occasions  their  being  changed  at 
such  a  time  as  to  waste  more  steam  than  is  necessary. 
The  unavoidable  waste  aiiises  from  the  change  of  the  valves 
being  a  work  of  time,  whilst  the  reversion  of  the  stroke  is 
instantaneous:  therefore,  either  the  change  of  valves 
begins  too  soon,  and  admits  steam  into  the  vacuum  before 
the  stroke  be  completed,  or  euds  too  late,  and  admits  steam 
into  that  part  of  the  cylinder  when  a  vacuum  is  forming, 
thereby  preventing  its  formation,  or  otherwise  it  is  at- 
tended with  both  these  disadvantages. 

Another  disadvantage  is  the  unequal  form  into  which 
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the  cylinder  and  piston  rod  become  worn,  after  having 

been   some  years  in  use.      This  arises  from  the  varied 

speed  at  which  they  travel,  and  to  their  not  passing  over 

all  parts  of  the  surface.    We  have  seen  in  use,  a  piston 

rod  and  cylinder  almost  as  much  out  of 

form  as  that  in  the  drawing.    The  form  of 

the  piston  rod  arises  from  the  parts  1,  2, 

and  3,    4,    being  only    partially   drawn 

through  the  stuffing  box,   consequently 

less  rubbed  than  the  middle,  which  is 
drawn  through  at  each  stroke.  The 
decreased  diameter  in  the  middle  of 
the  rod  arises  from  the  speed  being 
greater  there  than  at  other  parts,  (the 
cause  of  which  we  have  already  ex* 
plained,)  and  creates  in  consequence  a 
greater  wear. 

The  irregular  wear  of  the  cylinder  is  produced  in  the 
same  manner.  The  piston  is  not  drawn  through,  but 
merely  comes  in  contact,  or  is  partially  moved  through 
5,  6,  and  7, 8,  whilst  it  rapidly  passes  the  middle,  and  there- 
fore, in  that  part,  it  is  more  worn  than  at  any  other. 

The  last  inconvenience  we  shall  notice,  though  it  is  by 
no  means  the  least,  is,  that  the  fly  wheel  is  the  constant 
and  indi«;pensable  accompaniment  of  the  crank.  This  will 
appear  evident  from  what  we  have  already  stated. 

Independently  of  extra  cost,  extra  friction,  and  extra 
room,  it  becomes  necessary  to  have  two  engines  in  steam 
boats,  to  obtain  any  thing  like  a  regular  motion,  and  even 
this  is  far  from  being  regular.  In  steam  boats,  the  two  cranks 
are  fixed  upon  the  same  axle  as  that  on  which  the  paddles 
are  placed.  By  this  contriv&ince,  when  the  crank  of  one 
engine  is  passing  the  centre  and  has  no  power,  the  other  is 
at  its  greatest  power ;  and,  thus  aiding  each  other,  some* 
thing  like  an  equality  is  preserved.  But  this  is  irregular, 
as  a  variation  still  takes  place  in  the  mean  length  of  the 
wo  levers. 

a  Cy  and  c  &,  represent  two  cranks,  the  axle  of  which 
isr.    ac  is  now  passing  the  centre,  and  therefore  has  no 
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power ;  whilst  the  other,  c  6,  is  at 
its  greatest  power.  The  mean 
length  of  the  lever,  therefore,  is  at 
dj  or  one  half  of  c  6 ;  but  when  the 
two  cranks  ha?e  made  one  eighth 
of  a  revolution,  as  to  c/,  and  c  g^ 
then  the  Mne^fg^  shows  the  mean 
power  to  be  at  e ;  having  varied 
from  c  d  to  c  c. — This  irregularity 
being  unaided  by  a  fly  wheel,  may 

probably  account  for  the  vibration  which  we  feel  in  many 
steam  boats,  and  which  appears  to  proceed  from  some 
other  cause  than  the  reciprocation  of  the  parts.   It  should 
be  observed  that  the  impetus  of  the  boat  makes  the  paddles 
act  as  a  kind  of  fly  wheel ;  because,  if  they  were  suddenly 
disengaged  from  the  machinery,  they  would  continue  to 
revolve  of  themselves,  so  long  as  the  velocity  of  the  stream 
was  less  than  the  velocity  of  the  boat,  because  then  the 
stream  acts  like  a  current  driving  an  undershot  wheel. 
So  long  as  the  vanes  continued  to  be  driven  against  the 
water,  so  long  would  the  motion  of  the  wheels  be  con- 
tinued in  the  same  direction  as  that  given  by  the  ma- 
chinery ;  therefore,  we  sav,  that  they  are  fly  wheels  of  a 
peculiar  kind ;  but  still,  as  the  speed  would  immediately 
decrease  as  they  were  disengaged  from  the  machinery, 
from  the  yielding  nature  of  the  medium  through  which 
they  pass,  so  also  would  they  vary  in  velocity,  as  the  mean 
power  of  the  crank  increases  or  diminishes. 

It  will  be  readily  conceived  that  these  disadvantages 
must  have  exercised  the  talent  of  many  ingenious  men. 
All  have  agreed  that  the  remedy  might  be  found  in  a  cir-  > 
cular  or  rotatory  motion,  obtained  from  the  steam  itself, 
without  the  aid  of  the  beam,  crank,  or  piston  rod.  If  this 
could  be  efiectually  done,  it  would  do  away  with  almost 
every  defect  of  which  we  have  spoken.  Reciprocation 
would  be  removed,  as  well  as  irregularity  in  the  power  of 
the  lever ;  and,  as  for  friction,  that  of  the  beam  and 
appendages  would,  at  all  events,  be  destroyed :  but  it  has 
been  found  that,  hitherto,  notwithstanding  the  advantages 
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attendant  on  this  kind  of  engine,  inconveniences  and  diffi- 
culties have  been  found,  peculiar  to  each  varied  form,  or 
common  to  all,  that  have  precluded  its  adoption  in  pre* 
ference  to  the  reciprocating  engine.  The  defect  in  many 
of  them  has  been  excessive  friction,  and,  in  nearly  all,  the 
difficulty  of  maintaimng  the  packing  steam  tight:  this  is 
as  much  as  we  can  say  as  to  the  general  objection.  We 
shall  direct  the  attention  of  the  reader  to  several  of  the 
best  rotatory  engines,  and  endeavour  separately  to  shew 
the  causes  of  failure. 

The  shrewd  and  investigating  mind  of  Mr.  Watt  seems 
to  have  directed  itself,  in  the  very  outset  of  his  career,  to 
the  desirableness  of  such  an  engine:  for  we  find,  in  his 
patent  of  1769,  (the  specification  of  which  we  have  exa- 
mined,) that  a  rotative  engine  is  one  of  the  inventions 
included  therein,  and  seems  to  claim  precedence  in  his  judg- 
ment (if  we  may  judge  by  the  order  in  which  they  stand)  to 
the  use  of  hemp  and  oil  in  packing,  instead  of  water  as  in 
the  old  engines.  We  will  extract  that  part  of  the  specifi- 
cation verbatim  : — 

**  Where  motions  round  an  axis  are  required,  I  make  the 
steam  vessels  in  form  of  hollow  rings,  or  circular  channels,^ 
with  proper  inlets  and  outlets  for  the  steam,  mounted  on  hori- 
zontal axles  like  the  wheels  of  a  water  mill.  Within  them 
are  placed  a  number  of  valves,  that  suffer  any  body  to  go 
round  the  channel  in  one  direction  only:  in  these  steam 
vessels  are  placed  weights,  so  fitted  to  them,  as  entirely  to 
fill  up  a  part  or  portion  of  their  channels,  yet  rendered 
capable  of  moving  freely  in  them,  by  the  means  hereinafter 
mentioned  or  specified.  When  the  steam  is  admitted  in  these 
engines,  between  these  weights  and  the  valves,  it  acts  equally 
on  both,  oo  as  to  raise  the  weight  to  one  side  of  the  wheel, 
and  by  the  re-action  on  the  valves  successively,  to  ^ve  a 
circular  motion  to  the  wheel,  the  valves  opening  in  the 
direction  in  which  the  weights  are  pressed,  but  not  on  the 
contrary.  As  the  steam  vessel  moves  round,  it  is  supplied 
with  steam  from  the  boiler,  and  that  which  has  performed  its 
office  may  either  be  discharged  by  means  of  condensers,  or 
into  the  open  air.** 

L 
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Iliere  is  s  great  deal  of  confusion  and  ambiguity  in  this 
part  of  the  specitication,  as,  indeed,  there  is  throughout  the 
whole ;  so  much  so,  that  we  are  surprised  that  the  patent  ivas 
ever  sustained,  since  it  is  required  that  all  specifications  should 
be  so  clear,  "  that  a  person  of  moderate  capacity,  baring  a 
little  knowledge  of  the  science  which  led  to  the  invention, 
can  immediately  see  the  method  pointed  out,  and  easily  appre- 
hend the  purport  for  which  the  subject  was  invented,  tBtihout 
study,  without  any  invention  of  bis  own,  and  without  experi- 
ments."* No  drawings  are  given  of  any  one  of  Uie  six 
inventions  included  in  this  patent,  and  the  reader  mayjudge 
by  this  specimen  whether  any  one  can  comprehend  it  without 
study.  After  much  study  we  have  been  able  to  come  at  the 
meaning  of  the  pateutee,  by  supplying  the  form  of  the 
valves,  and,  indeed,  most  of  the  principal  parts,  and  in 
that  form  we  submit  it  to  our  readers  aa  the  FirBl  Rotary 
Elaine. 


(  Watt's  First  Rotary  Engine,     1769.) 
•  GodifD  on  PaleoU,  p.  109. 
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In  explaining  its  principle,  we  shall  repeat  the  words  of  the 
specification!  making  such  alterations  in  the  language  as  may 
make  it  understood. 

«<  Where  motions  round  an  axis  are   required^   I  make 
the  steam  vessels  in  the  form  of  hollow  rings,  or  circular 
channels,  with  proper  inlets  and  outlets  for  the  steam,''  (as 
at  a  and  &,)  ^<  mounted  on  horizontal  axles,"  (c,)  ^^  like  the 
wheels  of  a   water  milL      Within  the  circular  channel" 
{ddd)   ^^  are  placed  a  number  of  valves"  {eeee)  ^<  that 
suffer  any  body  to  go  round  the  channel  in  one  direction 
only :  in  each  steam  vessel  is  placed  a  weight,"  (/,)  ^*  so  fitted 
to  it,"  (by  packing  at  g^)  ^^  as  entirely  to  fill  up  a  part  or 
portion  of   its   channel ;    yet  rendered  capable  of   moving 
freely  in  it  by  means  hereinafter  mentioned.     When  the 
steam  is  admitted  between  the  weight  and   valves,  it  acts 
equally  on  both,  so  as  to  raise  the  weight  to  one  side  of 
the  wheel ;  and  by  the  re-action  on  the  valves  successively, 
to  give  a  circular  motion  to  the  wheel,  the  valves  opening 
in  the  direction  in    which  the   weights  are   pressed.      As 
the  steam  vessel  moves  round,  it  is  supplied  with  steam  from 
the  boiler,   and  that  which    has  performed  its  office  may 
either  be  discharged  by  means  of  condensers,  or  into  the 
open  air." 

Now  that  we  have  made  the  language  a  little  clearer,  we 
shall  proceed  to  describe  such  a  machine  as  we  imagine  the 
inventor  had  in  his  mind;  informing  our  readers  that  the 
hollow  arms,  form  of  the  valves,  manner  of  admitting  the 
steam  and  allowing  it  to  escape,  are  added  as  the  best  means 
we  can  devise  to  answer  the  proposed  end ;  but  we  are  not 
aware  how  they  were  really  formed,  nor  whether  at  the  time 
the  specification  was  drawn  up,  the  inventor  had  any  decisive 
plans  in  view;  or,  that  he  (like  too  many  patentees)  trusted  to 
the  resources  of  his  own  mind  to  supply  them  when  he  pro- 
ceeded on  the  experiment. 

<2<fdfisthe  circular  channel,  bolted  together  in  segments, 
in  which  the  weight,  made  of  cast-iron  or  lead,y,  can  move 
freely.  The  weight  is'  packed  with  hemp  at  g^  so  as  at  that 
part  to  fit  so  tight  in  the  channel,  as  to  prevent  the  steam 
fit>m  escaping  past  it.    iii i  are  four  hollow  arms,  commu* 
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nicating  with  the  hollow  ring,  and  with  a  cylinder  or  bush 77,  ! 
into  which  is  fitted  a  circular  plate  of  metal  k,  having  two  | 
cavities  a  bj  in  the  situation  shown  in  the  drawing,  i  is 
covered  with  another  plate,  to  which  it  is  accurately  fitted ; 
to  this  outer  plate  is  attached  the  eduction  pipe,  which  com- 
municates with  Oj  and  the  induction  pipe  which  com- 
municates with  b ;  the  plate  it,  and  its  covering,  remain 
stationary,  whilst  the  wheel  revolves,  and  the  open  end  of 
the  arms  t  j  t  i,  successively  pass  over  the  open  spaces  a  ij 
and  admit  the  steam,  or  suffer  it  to  escape,  as  we  shall  now 
explain. 

The    steam    being    admitted    from    the    boiler,    rushes 
through  the  arm   i  3,   into    the  channel,  and,   shutting  the 
valve  €  1,  or  finding  it  already  shut,  forces  up  the  weight 
fff  into  one  side  of  the  wheel,  (as  shown  in  the  drawing;) 
this  causes  that  side  to  preponderate,  and  in  endeavouring 
to  regain  its  former  position  makes  the   wheel  to  revolve. 
But,  in  the  mean  time,  a  supply  of  steam  is  kept  up  firom 
the  boiler,  which  preserves  the  weight  in  its  present  posi- 
tion,  driving  the  wheel  round  in  the    opposite    direction, 
whilst  the  valve  e  2,  having  passed  the  situation  it  is  now 
in,  is  shut  by  the  lever  /,  striking  the  tappet  m,  and  re- 
ceives the  force  of  the  steam,  previously  upon  e  u     When 
the  wheel  has  revolved  a  little  farther,  the  arm  i  3  com- 
municates   with    the    eduction    passage,    and     allows    the 
steam  to  escape  which  was  between  the  valves  e  1  and  e  2. 
Immediately  after,  the  valve  e  I  strikes  i^ainst  the  friction 
roller  A,  and  is  by  it  forced  into  the  recess,  assuming  the 
position  of  e  4.     At  the  same  time  the  valve  e  3  has  got 
clear  from  the  weight,  and  falls,  by  its  own  gravity,  into 
the  position  of  e  2,  after  which  it  is  shut  by  the  tappet  si, 
in  the  way  already  explained.      Thus  the   valves   succes- 
sively receive  the  action  of  the  steam,  and  the  weight  being 
preserved  in  its  elevated   position,  the  wheel  continues  to 
revolve. 

Such  was  the  plan  designed  as  the  first  rotatory  engine. 
It  is  because  it  was  the  first,  and  because  it  was  the  inven- 
tion of  Watt,  that  we  place  it  here.  In  itself  it  possesses 
few    claims    to   our   attention.      If  such  a  machine  could 
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erer  be  made,  (which  is  doubtful,)  the  excessive  friction 
of  the  weight  moving  in  the  channel  would  exceed  that  of 
the  common  engine  tenfold*  But  the  worst  fault  would 
be,  that  the  packing  could  not  be  preserved  steam  tight 
for  any  length  of  time:  for  hempen  packing,  it  is  well 
known,  cannot  pass  over  in  its  course  any  cavity,  or 
irregularity  of  surface,  without  been  soon  torn  out,  and 
rendered  incapable  of  performing  its  office.  It  would  also 
be  required  that  the  interior  of  the  channel  should  be 
accurately  turned,  which  might  be  effected  in  small 
engines  by  tuning  a  section  of  the  wheel  at  once,  (such  as 
our  drawing  represents,)  and  afterwards  bolting  two  of 
such  sections  together;  but  in  large  diameters,  such  as 
would  be  absolutely  necessary  for  large  powers,  the  vibrc^ 
tion  would  render  their  being  turned  an  absolute  impossi- 
bility. 

We  cannot  learn  whether  Watt  ever  proceeded  on  the 
experiment.  He  himself  states  that  —  *^  a  steam  wheel, 
moved  by  force  of  steam  acting  in  a  circular  channel, 
against  a  valve  on  one  side,  and  against  a  column  of  mer- 
cury, or  other  fluid  metal,  on  the  other  side,  was  executed 
at  Soho,  upon  a  scale  of  six  feet,  and  tried  repeatedly,  but 
was  given  up  as  several  objections  were  found  against  it" 
From  this  we  may  conclude  that  the  patented  machine  had 
probably  been  tried  and  abandoned,  on  the  ground  of  exces- 
sive friction. 

We  have  likewise  some  information  on  the  subject  of 
Mr.  Watt's  experiments  on  rotative  engines,  by  Mr.  Farey, 
(in  his  article  *^  Steam  Engine,"  which  is  to  be  found 
in  Rees's  Cyclopedia,)  who  says,  ^^  One  of  his  first  trials 
was  uncommonly  ingenious ;  it  consisted  of  a  drum  turning 
air-tight  within  another,  with  cavities  so  disposed  that  there 
was  a  constant  and  great  pressure  urging  it  in  one  direc^ 
turn ;  but  no  packing  of  the  common  kind  could  preserve  it 
air-tight  with  sufficient  freedom  of  motion.  He  succeeded 
by  immersing  it  in  mercury,  or  in  amalgam,  which  remained 
fluid  at  the  beat  of  boiling  water ;  but  the  continual  action 
of  the  heat  and  steam,  together  with  the  friction,  soon 
oxydated   the   fluid,    and    rendered    it   useless.      He    then 
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tried  Parent  or  Barker's  Mill)  enclosing  the  arms  in  a 
metal  drum,  which  was  immersed  in  cold  water.  The  steam 
rushed  rapidly  along  the  pipe  which  was  the  axis,  and 
it  was  hoped  that  a  great  re-action  would  have  been  exerted 
at  the  end  of  the  arms,  but  it  was  almost  nothing.  It 
was  then  tried  in  a  drum  kept  boiling  hot,  but  the  im« 
pulse  was  very  small  in  comparison  with  the  expense  of  the 
steam." 

The  former  part  of  this  extract  is  about  as  obscure  as 
the  specification  which  we  have  just  noticed.  We  should 
certainly  have  expected,  from  a  man  of  Mr.  Farey's  expe- 
rience, a  somewhat  clearer  account  of  any  experiment  than 
that  with  which  we  are  furnished ;  for,  to  say  there  "  was 
a  machine  with  cavities  so  disposed  that  there  was  a  con- 
stant and  great  pressure  urging  it  in  one  direction,"  conveys 
no  further  idea  than  that  a  motion  was  somehow  obtained, 
but  hoW)  it  is  utterly  impossible  to  know.  The  amount 
of  this  extract  is,  that  Mr.  Watt  tried  a  great  number 
of  experiments,  in  order  to  obtain  a  rotatory  engine,  and 
that  in  these  experiments  he  failed.  The  informatioa 
we  gather  from  Mr.  Farey  might  hare  been  said  in  as  few 
words. 

The  second  patent  of  1782  (for  there  were  two  patents  of 
that  year,  one  in  February  and  the  other  in  July)  describes  a 
rotatory,  and  semi-rotatory,  or  reciprocating  rotatory  engine. 
To  the  rotatory  engine  we  ahall  first  direct  the  attention  of 
the  reader. 

c  c  in  the  following  figure  is  a  cylinder  of  any  given 
dimensions,  say  a  foot  deep,  and  three  feet  diameter,  a  is 
an  axle,  passing  through  stuffing  boxes  in  each  lid  or  end 
of  the  cylinder,  b  is  the  piston,  packed  at  the  ends,  which 
rub  against  the  cylinder,  and  at  the  sides  which  rub 
against  the  lids,  which  are  previously  turned ;  the  form  of 
this  piston,  therefore,  is  square,  packed  on  three  sides,  and 
fixed  to  the  axle  a  on  the  fourth.  6  is  a  valve  or  flap, 
which  turns  upon  a  joint  or  pivot/.*  the  concave  side  is  a 
segment  of  a  circle  of  the  same  radius  with  the  cylinder. 
It  extends  the  whole  length  of  the  cylinder,  is  packed  on 
its  sides,  and  when  shut  back  into  the  cavity  df  becomes, 
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as  it  were,  a  part  of  the  cyjiader,  cotnpleUng  the  circle, 
which  is  imperfect  when  the  valye  is  in  its  present  situa- 
tioD.  g  is  the  pipe  for  admiltin^  the  steam  from  the  hoiler, 
and  A  the  pipe  for  allowing  it  to  escape  into  the  con- 
denser. 


{Watt's  Second  Rotary  Engine.     1783.) 

Steam  being  admitted  from  the  boiler  through  g  presses 
equally  upon  «  and  b,  but  e  being  stopped  against  the  axle,  the 
piston  b  recedes  from  the  pressure,  and  turns  the  axle  a  and  a 
heavy  fly  wheel  round  with  it.  The  piston  continues  in 
motion  nntU  it  comes  in  contact  with  the  lower  rade  of  the 
valre  «,  where  it  would  stop,  but  for  the  impetus  of  the  fly 
wheel,  which  ui^es  it  forward,  and  it  strikes  the  valve  e  into 
the  recess  d,  and  moves  round  until  it  passes  g,  when  th^ 
valve,  either  by  a  lever  or  by  its  own  gravity,  resumes  its 
present  situation,  and  the  piston  receives  the  action  of  the 
Bteam  as  before. 

This  plan,  we  are  informed,  was  never  carried  into  exe- 
cution, and  we  must,  therefore,  as  in  other  instances, 
endeavour  to  trace  the  objections  from  subsequent  expe- 
rience ;     but    there   have    been    so    many  schemes   closely 
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resembling  this,  that  these  are  easily  ascertained*  The 
principle  objection  appears  to  be  that  it  would  be  liable 
to  derangement,  as  the  violence  with  which  the  valve 
would  be  alternately  driven  into  the  recess,  and  upon  the 
axle,  would  speedily  shake  the  machine  to  pieces;  besides 
which,  it  would  be  impossible  for  the  packing  used  in  the 
reciprocating  engine  to  pass  over  the  pipes  h  g^  without 
being  torn  up  and  rendered  useless*  A  great  waste  of 
steam  must  likewise  take  place  whilst  the  piston  is  passing 
over  the  surface  of  the  valve :  for  at  that  time  the  steam 
pipe  g  has  a  free  communication  with  the  eduction  pipe  h ; 
and  every  one  acquainted  with  the  subtle  nature  of  steam 
must  be  aware  that  as  much  steam  would  thereby  escape, 
without  producing  any  effect,  as  would  have  been  sufficient  to 
work  an  engine  free  from  that  defect  This  last  objection 
might  be  obviated  by  shutting  off  the  steam  during  that  part 
of  the  revolution  ;  but  the  specification  proposes  no  such 
method,  and  we  are  not  authorised  to  make  any  gratuitous 
addition. 

The  semi-rotative  engine  next  comes  under  our  notice. 
d  d  in  the  following  figure  exhibits  the  interior  of  the 
cylinder,  which  is  similar  to  the  last  It  is  likewise  fitted 
with  a  piston  6,  packed  in  the  same  manner,  c  is  a  projec- 
tion of  metal  extending  from  the  circumference  to  the  axle  a. 
Packing  is  introduced  between  this  projection  and  the  axle, 
so  as  to  prevent  the  steam  from  escaping  between  them. 
ef  are  two  valves  which  admit  steam  from  the  steam  pipe  g 
into  the  cylinder  on  each  side  of  c  alternately,  o  f  are  two 
valves  for  changing  the  direction  of  the  steam :  ij  are  two 
valves  acting  in  conjunction  with  ef^  so  as  to  open  or  shut  off 
a  communication  with  the  condensers  /  it,  through  the  pipe 
A  at  the  proper  time.  Levers  are  attached  to  the  rods  by 
which  these  valves  are  worked,  from  tappets  on  the  pump 
rods  r  q* 

Steam  is  admitted  from  the  boiler  through  the  pipe  g 
into  the  steam  chest,  and  finding  the  valve  f  open,  rushes 
up  the  pipe,  and  so  into  the  cylinder  between  the  piston 
and  stop  c.  The  piston,  receding  from  the  pressure,  drives 
the  air  in  the  cylinder  through  the  other  pipe,   and  down 
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through  the  vaKej,  into  the  condeoaer,  whence  it  escapes 
by  the  pump  /.  It  continues  revolving,  until  it  comes  in 
contact  with  the  other  side  of  c,  when  it  is  stopped ;  but, 
previously  to  this,  the  valves/ andj  have  been  shut  by  thpir 
respective  levers,  whilst  c  and  i  have  been  opened.  The 
Bleam  has  now  access  through  e  to  the  other  a'li^.a  of  the 
piston,  and  turns  it  in  the  contrary  direction  <  the  steam 
which  last  performed  its  office  escaping  down  through  i  to 
the  condenser.  The  first  operation  is  then  repeated,  re- 
versing the  motion  of  the  piston  as  soon  as,  or  before,  it 
conies  in  contact  with  th^  other  side  of  e.  R  m  are  two 
toothed  wheels  attached  to  the  axle  a,  which  work,  (aa 
ahown)  by  racks,  the  pump  rods  o  p,  and  the  smaller  pump 
rods  q  r.  The  former  op  are  supposed  to  draw  water  from 
a  mine,  but  the  smaller  ones  only  work  the  condensing 
pumps  i  I. 


( WatCs  Semi'Totative  Engine.     1782.} 

This  is  really  a  clerer  machine.      It  was  never,  we 

nnderstand,  carried  into  execution,    but   why,   we   can 
warcely  tell.     It  would  hardly  be  an  objection  that  tha 

4.  M 
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piston  would  strike  against  the  stop  c,  and  thereby  shake 
itself  to  pieces :  for  here,  as  an  equable  motion  13  not  re- 
quired like  a  rotatory  engine,  the  speed  might  (as  in  all 
pumping  engines  which  were  liable  to  the  same  objection) 
t>e  gradually  retarded,  so  that  the  impetus  would  be 
destroyed  before  it  came  in  contact  with  the  stop.  Perhaps 
the  most  solid  objection  would  be,  that  of  the  packing 
requiring  more  care  than  a  common  workman,  such  aa 
generally  attends  to  steam  engines,  would  be  able  or 
willing  to  bestow;  but  if  this  were  found  a  conquerable 
objection,  we  can  scarcely  conceive  a  reason  why  it  should 
not  have  had  a  fair  trial.  It  would  have  been  extremely 
portable  and  cheap,  would  have  occupied  very  little  room, 
and  the  friction  would  have  been  comparatively  trifling. 

We  now  close  our  descriptions  of  Mr.  Watt's  inven- 
tions by  giving  a  short  account  of  a  Rotatory  Engine, 
included  in  his  patent  of  1784. 

(PIG.  I.)  (FIG.  2.) 


(FIG.  3.) 


iWatCa  Rotatory  Engine.    1784.) 

fijf.  1.  is  a  ground  plan,  and  fig.  8.  a  vertical  section- 

a  a  is  an  external  cylinder,  or  reservoir,  filled  with  heated 

water,  quicksilver,  or  an  amalgam  which  would  become 
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fluid  at  the  boiling  point.     6  6  is  an  interior  cylinder  in 
the  middle  of  a  a,  and  turning  upon  a  pivot  o.     A  parti- 
tion, c,  reaches  from  top  to  bottom,  dividing  the  vessel 
into  two  equal  parts,    de  are  two  valves,  allowing  the 
liquid  to  ascend  and  fill  the  interior  of  i  A,  but  preventing 
its  egress  in  that  direction,    /g  are  two  tubes,  or  aper- 
tures, for  guiding  the  escape  of  the  liquid  in  the  direction 
of  the  arrow,    j  is  the  pipe  for  the  admission,  and  k  for  the 
exit  of  the  steam.     The  steam  being  introduced  from  the 
boiler  through  j,  enters  the  cavity  /,  and  passes  on  the 
surface  of  the  water,  driving  open  the  valve  t,  (fig.  1.)  and 
issuing  through  g*,   in  the  direction  of  the  arrow,  thus 
pressing  upon  the  body  of  the  liquid  in  the  reservoir,  and 
producing  a  re-action,  which  drives  the  internal  vessel 
round.     When  it  has  performed  nearly  half  a  revolution, 
the  cavity  n  comes  under  the  steam  pasi^age.     This  will  be 
,  understood  better  by  fig.  3 :  p  p  is  a  hoop  encircling  the 
upper  part,  or  neck,  of  the  vessel  6  6 ;  /  is  a  hole  in  the 
aide  of  the  vessel  communicating  with  one  side  of  the 
vessel,  and  n  a  similar  hole  communicating  with  the  other. 
It  will  be  seen  that,  at  present,  the  hole  /  communicates 
with  J,  and  the  hole  n  with  it,  but,  by  turning  the  vessel 
half-way  round,  their  situations  will  be  reversed;  /  com** 
municating  with  i,  and  j  with  n,  so  that  each  side  is 
successively  exposed  to  the  action  of  the  steam  and  to  the 
condenser.    By  this  means,  therefore,  the  hole  n  is  next  in 
communication  with  the  steam  pipe  j,  and  the  valve  d 
being  shut  by  the  steam  pressing  on  the  surface  of  the 
liquid ;  the  valve  t  is  opened  by  the  same  means,  so  that 
the  liquid  is  forced  with  violence  through/^  in  the  same 
manner  as  it  was  previously  forced  through  g.    Whilst 
this  operation  is  going  on,  a  vacuum  is  formed  in  the  first 
vessel  (by  /  communicating  with  the  condenser),  so  that  it 
6ecomes  charged,  and  ready  in   its  turn  to  receive  the 
action  of  the  steam.     When  it  does,  the  first  operation  is 
repeated,  and  a  rotatory  motion  is  kept  up  by  the  alter- 
nate action  of  the  liquid  driving  through  the  cavities/j^^ 
in  nearly  the  same  manner  as  the  motion  is  produced  in 
the  well-known  machine  commonly  called  Barker's  Mill, 
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differing  only  thus :— that  the  water  from  the  latter  actfi 
against  the  air,  whilst  this  acts  upon  the  fluid  in  which 
this  is  immersed.  The  motion  is  carried  through  the  top 
of  the  reservoir  a  to  a  stuffing  box  q  (not  shown),  and  at- 
tached to  the  machinery. 

It  appears  this  machine  was  tried,  and  found  to  have 
little  or  no  power,  which,  of  course,  was  the  reason  of  its 
abandonment.  The  cause  of  its  trifling  efi^ect  arises  from 
the  force  of  the  escaping  liquid  acting  upon  a  medium 
which  affords  no  solid  resistance,  and  is  therefore  incapa* 
ble  of  producing  any  powerful  re-action  in  the  machine. 

We  have  always  entertained  an  opinion  that  Mr.  Watt's 
object  in  the  drawing  up  of  his  specifications  was  to  be  as 
obscure  as  possible.  In  this  opinion  we  are  not  solitary; 
as  a  proof  of  which,  we  make  the  following  extracts  from  a 
letter  addressed  to  Sir  J.  Eyre,  then  Lord  Chief  Justice 
o'f  the  Common  Pleas,  by  Mr.  J.  Bramah,  dated  1797. 

Speaking  of  Mr.  Watt's  first  specification,  on  which  we 
have  already  remarked,  Mr.  Bramah  says,  '^  In  considering 
the  part  arranged  first  in  this  specification,  I  cannot  ob- 
serve the  words  there  used  create  in  the  mind  of  the  reader 
any  new  idea  respecting  the  construction,  proportion,  or 
office  of  that  part  of  an  engine  properly  called  the  steam 
cylinder.  The  inquirer  is  left  wholly  uninformed  whether 
the  intended  cylinder,  or  steam  vessel,  is  to  be  left  open  at 
top,  and  shut  at  bottom,  or  shut  at  top,  and  open  at  bot- 
tom, or  whether  both  its  ends  are  to  be  alike  shut ;  nor  is 
he  directed  in  what  manner  the  steam  is  to  be  admitted 
into  the  cylinder,  or  in  what  manner  discharged ;  there 
being  no  mention  how,  and  in  what  part  of  the  cylinder, 
the  necessary  inlets  and  outlets  are  to  be  contrived,  not- 
withstanding the  essence  of  every  engine  depends  thereon. 
There  is  likewise  no  mention  made  of  the  form  and  action 
of  the  piston,  or  the  method  of  connecting  it  with  the 
external  and  working  parts  of  the  machine,  or  whether 
the  expansive  force  of  the  steam  is  exerted  on  the  upper 
or  under  side  of  the  said  piston,  or  even  whether  there  is 
a  piston  employed  at  all. 
^^  This  part  of  the  specification  appears  calculated  to 
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mislead  and  perplex;  and  I  am  fully  persuaded,  were 
these  imperfect  directions  given  to  any  workman,  even  of 
the  most  eminent  knowledge  in  the  art  of  building  engines, 
they  would  tend  directly  to  frustrate  every  regular  step 
necessary  to  be  taken  in  the  progress  of  such  a  work. 

'^  Had  there  been  a  shadow  of  a  guide  introduced  into 
this  mysterious  composition,  an  ingenious  mind  might  have 
accidentally  stumbled  on  the  inventor's  mark ;  but  it  is  so 
much  the  contrary,  that  every  adventurer  is  constrained  to 
explore  a  way  for  himself,  and  to  wrap  his  cylinder  in  any 
warm  covering  his  powers  of  judgment  may  suggest :  and 
it  isr  my  firm  opinion,  that  were  engine  builders  in  general 
left  to  puzzle  out  this  single  circumstance,  ninety-nine 
out  of  every  hundred  would  attempt  a  difierent  method  of 
accomplishing  the  inventor's  intention ;  and  I  am  likewise 
as  fully  convinced,  that  a  like  proportion  would  finally 
miss  their  aim,  in  spite  of  repeated  efforts. 

^^  The  first  thing  which  attracted  my  attention,  when 
inspecting  an  engine  built  by  Mr.  Watt,  was  the  steam 
cylinder,  which  I  observed  shut  at  both  ends,  contrary  to 
that  of  Newcomen,  which  is  always  open  at  the  upper  end, 
whereby  the  atmosphere  acts  upon  the  upper  surface  of 
the  piston,  both  in  its  ascent  and  descent. 

^^  A  slight  pause  on  this  circumstance  soon  presented  to 
my  view  a  total  contradiction  to  the  article  in  Mr.  Watt's 
specification,  denominated /ouHA/y,  where  he  asserts  that 
^  He  intends,  in  many  cases,  to  employ  the  expansive  force 
^  of  steam  to  press  on  the  pistons,  or  whatever  may  be  used 
<  instead  of  them,  in  the  same  manner  as  the  pressure  of  the 
^  atmosphere  is  now  employed  in  common  fire-engines.^ 

^'  On  reading  this  paragraph,  every  person  acquainted 
with  Newcomen  will  naturally  ask, — How  can  the  expan- 
sive force  of  steam  be  applied  to  press  down  the  piston  in 
the  manner  it  is  now  performed  by  the  atmosphere,  which 
requires  the  top  of  the  cylinder  to  be  kept  open  ?  For,  sup- 
pose steam  to  be  poured  on  to  the  top  of  it  instead  of  air, 
where  is  there  any  footing  or  abutment  for  the  re- action 
of  this  expansive  element?  1  clearly  perceive,  says  the 
inquirer,  that  the  air  performs  this  office  by  its  gravitating 
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power,  which  requires  no  butment.  But  how  can  any 
expansive  force  be  employed  without  it ;  since  it  is  a  law 
of  nature  that  no  force  of  this  kind  can  be  eyprted  without 
being  first  prevented  from  expanding  on  the  contrary ;  or, 
at  any  rate,  without  having  a  resistance  in  all  directions, 
equal  at  least  to  the  force  of  action  required  i 

^^  These  reflections,  I  conceive,  would  induce  a  conclu- 
sion, that  the  man  who  proposed  such  a  thing  must  be 
either  a  fool  or  a  madman.     But  to  return — 

^^  On  considering  the  strange  difference  I  saw  in  this 
ynacbine  from  that  of  Newcomen,  I  concluded  in  my  own 
mind  the  following  to  be  the  real  invention  of  Mr*  Watt 
in  the  cylinder  part  of  the  engine.  First, — He  has  com* 
pletely  inverted  the  order  of  Newcomen,  by  turning  the 
cylinder  upside  down.  Secondly, — By  making  the  proper 
inlets  and  outlets  for  the  steam,  at  the  upper  instead  of 
the  lower  end  of  the  cylinder.  Thirdly, — The  valves 
psed  in  these  inlets  and  outlets,  for  the  purpose  of  admit- 
ting and  shutting  off  the  steam,  and  for  retaining  it  in  the 
cylinder  and  discharging  it,  the  manner  of  giving  motion 
to  them  from  without,  are  very  peculiarly  and  curiously 
contrived,  and  totally  different  from  any  article  ever 
applied  in  Newcomen's  Engines  for  the  same  purposes; 
and  these  valves,  &c.  I  observe,  are  made  always  of  brass, 
or  a  mixture  of  copper  and  brass ;  and  I  cannot  see  of 
what  other  metal  such  very  essential  parts  could  be  made* 
as  iron  would  soon  rust,  and  in  a  few  weeks  lose  the  per- 
fection requisite  to  keep  them  air  and  steam-tight. 
Fourthly, — I  cast  my  eye  on  a  single  part  of  the  engine, 
and  which  part  not  being  properly  accomplished,  would 
render  finally  abortive  all  the  efforts  it  is  possible  to  make 
in  giving  motion  and  power  to  the  machine. 

"  This,  my  lord,  is  the  mean  adopted  for  giving  motion 
to  the  external  mechanism  of  the  engine,  by  connecting  it 
with  the  piston,  which  is  here  close  shut  up  in  the  internal 
part  of  the  cylinder  ;  and,  as  I  have  already  observed,  the 
cylinder  is  placed  with  its  bottom  upwards,  compared  with 
Newcomen's,  this  connexion  between  the  internal  and 
external    motion    must    of   necessity    be    communicated 
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cArough  the  bottom,  which  now  becomes  the  top  of  the 
cylinder.  As  the  entire  effect  of  the  engine  depends  on 
ascertaining  a  method  of  doing  this  completely,  and 
seeming  to  form  a  most  material  part  of  the  whole  inven- 
tion, I  will  be  more  particular  in  describing  it  to  your 
lordship,  and  begin  by  stating  how  this  was  performed  by 
Newcomen. 

'^  In  all  Newcomen^s  engines,  where  the  top  of  the 
cylinder  was  entirely  open,  the  piston  was  connected  with 
the  working  beam  by  a  single  or  double  iron  chain ;  in 
most  cases  double  at  the  upper  end  next  the  beam,  and 
the  lower  end  commonly  formed  a  junction  with  the  pis- 
ton by  an  intermediate  strong  bar  of  iron,  in  some  cases  a 
strong  rod  of  wood  shod  with  iron.  By  this  means,  the 
force  the  piston  received  from  the  pressure  of  the  atmo- 
sphere was  communicated  to  the  beam  above,  and  that  in 
as  rough  a  manner  as  the  workmen  pleased  to  make  it ; 
the  smoothness  and  truth  of  workmanship  being  unneces- 
sary in  this  case. 

^'  But,  only  behold,  my  lord,  the  difference  required  in 
Watt's  engines  in  this  one  particular ! 

^^  The  above  two  motions  are  to  be  connected  by  means 
of  a  rod  or  other  contrivances,  (for  a  chain,  &c.  will  not 
answer  here,)  which  must  not  only  pass  through  an  aper- 
ture in  the  cap  or  top  of  the  cylinder,  steam  and  air-tight, 
but  this  aperture  is  required  to  be  kept  thus  close  during 
every  stroke  the  engine  makes. 

^^  This  cannot  fail  of  striking  your  lordship  in  a  serious 
point  of  view ;  and,  from  what  has  been  said,  it  must 
involve  a  conclusion  in  your  mind,  that  this  part  is  one 
grand  essential,  if  not  the  most  so,  of  any  in  the  machine; 
as  the  smallest  imperfection  here  will  admit  the  air  when 
the  vacuum  is  made,  and  thereby  completely  stop  the 
engine. 

'^  Having  thus  prepared  your  lordship,  I  will  now  de- 
scribe that  which  Mr.  Watt  should  have  done,  i.e.  the 
manner  in  which  the  internal  piston  is  connected  with  the 
working  beam  without. 

^*  Tliis  is  by  an  iron  rod  of  a  sufficient  diameter,  turned 
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and  otherwise  worked  so  as  to  be  perfectly  smooth  and 
parallel  from  one  end  to  the  other,  and  of  a  length  suffi- 
cient to  allow  the  full  stroke  of  the  piston  within  ;  and  I 
think  it  necessary  to  remark,  that  if  in  this  rod  there 
should  be  the  smallest  rag  or  flaw,  it  is  totally  unfit  for 
its  purpose,  for  reasons  that  will  appear  hereafter.  And  I 
am  certain,  from  my  own  knowledge,  that  Mr.  Watt,  in 
his  first  outset  on  this  busiuess,  found  more  difficulty  in 
procuring  these  rods  in  all  respects  perfect,  than  he  would 
have  done  in  constructing  all  the  parts  of  Newcomen^s 
engine ;  although  this  article,  like  the  rest,  is  not  mention- 
ed in  his  specification. 

^^  Fifthly, — I  shall  proceed  to  explain  to  your  lordship 
a  circumstance  in  this  part  of  the  engine,  in  my  opinion, 
as  material  and  of  equal  consequence  with  the  preceding, 
or  any  other  article  in  the  machine.  •  This  is,  the  method 
of  rendering  the  aperture,  through  which  the  piston  rod 
passes,  constantly  air  and  steam-tight ;  notwithstanding 
the  said  rod,  in  many  engines,  slides  through  this  aperture 
no  less  than  three  hundred  and  twenty  feet  per  minute, 
during  the  time  they  work. 

^'  This  junction  or  aperture  is  a  very  ingenious  contri- 
vance, and  is  called  a  stuffing  box  ;  it  is  a  part  formed  in 
the  centre  of  the  cap  or  top  of  the  cylinder;  and  is  a  kind 
of  cylindrical  box,  of  about  six  or  eight  inches  deep,  made 
of  iron.  The  upper  part  of  this  box  is  considerably  wider 
than  the  diameter  of  the  piston  rod  above-mentioned ;  and 
the  bottom  or  lower  part,  next  the  inside  of  the  cylinder, 
is  made  exactly  to  fit  the  said  rod.  From  this  part,  for  a 
small  distance  upwards,  the  box  is  turned  in  a  conical 
form,  so  as  to  make  a  chamber  exactly  in  the  shape  of  a 
snuff  mill ;  at  the  top  of  this  conical  part  is  turned 
rebate  or  seat,  into  which  is  fitted  a  brass  or  iron  ring,  the 
extreme  circle  of  which  exactly  fits  the  cylindrical  part 
above  the  conical  part  described.  This  conical  chamber 
is  then  filled  with  hemp  or  junk,  so  as  to  surround  the  pis- 
ton rod  on  all  sides ;  and  being  secured  down  by  the  brass 
or  iron  ring  above-mentioned,  causes  the  rod  to  slide  steam 
and  air-tight.   But  the  quantity  of  rub  which  is  constantly 
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on  tills  part,  and  the  nice  perfection  required,  soon  dis- 
covered  the  want  of  some  farther  help ;  and  something 
similar  to  the  means  just  treated  on  for  keeping  the  pistoa 
tight,  suggested  itself  at  an  early  period  of  Mr.  Watt's 
experiments,  which  is  effected  as  follows : — 

^^  In  the  cylindrical  part  of  the  bo;x  is  turned  another 
rebate,  about  an  inch  more  or  less  abo¥e  the  ring  which 
secures  the  lower  packing;  and  into  this  rebate  is  also 
fitted  a  ring  as  before,  which  causes  a  space  between  it 
and  the  lower  ring.  Then  above  the  upper  ring  is  turned 
another  cylindrical  part  like  the  former,  having,  of  neces* 
sity,  a  greater  diameter.  This  conical  chamber  is  likewise 
packed  with  hemp,  junk,  &c«  and  this  packing  also  fas- 
tened down  by  means  of  a  ring,  rather  more  in  a  plug 
form,  and  so  coptrived  a3  to  admit  of  being  screwed  down 
at  pleasure,  for  the  purpose  of  compressing  the  packing  as 
worn  away  by  the  friction  of  the  rod.  The  stuffing  box 
completed,  4  small  tub^  is  inserted  by  one  of  its  ends  at 
the  side  of  the  said  box,  eo  as  to  communicate  with  the 
open  space  comprehended  between  the  rings.  The  con- 
trary end  of  this  tube  is  joined  to  th^  steam  pipe  or  boiler, 
where  the  steam  is  always  active ;  and  by  this  means  m 
constant  supply  of  steam  is  thrown  ^nto  the  space  afore- 
said, which  steam  preserves  the  rod  air-tight,  being  kept 
as  strong  or  stronger  than  the  pressure  of  the  outward  air. 
Thus  the  steam  here  does  the  office  of  water,  &c.  on  the 
piston  of  the  engin^,  when  the  packing  becomes  rather  in- 
sufficient. 

^^  I  think,  my  lord,  I  need  not  say  more  on  this  poin(,  to 
prove  the  necessity  of  a  full  and  clear  specification  ;  and 
the  practicability  of  giving  one,  had  there  been  a  willing 
mind. 

^^  SixthLy,-~I  observe  the  lower  end  of  the  steam  cylin- 
der to  be  also  closed,  and  that  the  steam  has  alternate 
communication  wiih  the  cylinder  above  and  below  the 
piston,  jfist 'Contrary  to  that  of  Newcomen. 

^^  To  detail  the  true  nature  of  all  this,  would  be  tire- 
some to  your  lordship ;  and,  as  Mr.  Watt  has  not  done  it, 
1  shall  decline  doing  it  for  him,  though  certainly  well  able. 

5.  N 
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'^  Seventhly, — I  come  to  what  are  called  condensers.  On 
this  part  of  the  subject  I  am  almost  puzzled  what  to  say. 
Prom  the  specification,  I  can  say  nothing;  from  the  en- 
gines, they  have  been  made  in  all  forms ;  and  that,  by 
changing  about  and  mixing  the  knowledge  of  every  person 
in  his  way  for  twenty  years  at  least,  Mr.  Watt  has  been 
taught  what  is  the  real  fact,  and  what  they  confessed  to  be 
so  on  the  late  trial,  namely,  that  no  condensers  are  neces^ 
sary,  but  that,  which  Newcomen  calls  the  eduction  pipe, 
and  in  which  the  condensation  is  performed  by  a  jet  of 
cold  water,  answers  the  same  purpose  equally  well. 

"  Then  it  appears,  my  lord,  that  twenty  years*  exercise 
of  the  superior  abilities  of  Mr.  Watt,  with  the  help  of  all 
he  could  gain  from  the  knowledge  and  practice  of  other 
men,  and  the  assistance  he  received,  through  the  space  of 
six  years  more,  from  Professor  Robinson,  Dr.  Roebuck, 
Mr.  Cummings,  and,  no  doubt,  many  others,  eminent  in 
the  theory  and  practice  of  the  arts,  was  only  to  prove 
what  I  said  before  they  acknowledged  it,  that  all  conden- 
sers do  more  harm  than  good;  and  that  when  men  of 
better  judgment  have  constructed  engines  totally  without 
condensers,  as  good  or  better  than  their  own,  they  have 
just  candour  enough  to  admit  the  fact,  and  pride  and  ava- 
rice enough  to  claim  them  as  their  invention. 

^^  There  is,  as  your  lordship  has  been  abundantly  in- 
formed, a  valve  placed  in  the  passage  allotted  to  conduct 
the  steam,  water,  &c.  from  the  cylinder  to  the  condenser, 
which  alternately  opens  and  shuts  this  communication.  I 
have  to  remark  that,  when  the  steam  regulator,  as  in 
Newcomen*s  engine,  opens  to  the  cylinder,  and  at  the 
same  time  causes  the  first  jet  of  steam  to  discharge  the 
water  and  air  as  above  described,  this  valve  in  Mr.  Watt's 
engine  is  then  open  to  the  condenser;  and,  was  there 
nothing  else,  the  steam  would,  as  well  as  act  on  the  pis- 
ton, fly  to  the  condenser,  and  being  there  destroyed  at 
that  end,  if  I  may  so  say,  would  not  move  the  piston  at 
all ;  it  was  therefore  necessary  for  Mr.  Watt  to  introduce 
another  valve,  which  he  has  done.  But  certain  reasons, 
best  known  to  himself,  which  the  writer  of  this  will  not 
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pretend  to  saggest^  induced  him  to  omit  giving  your  lord- 
ship  and  the  court  an  account  of  it,  though,  as  I  have 
already  noted,  on  the  other  valve  his  counsel  were  very 
profuse. 

^^  This  cunning  valve,  my  lord,  is  like  the  injection 
water,  smuggled  into  another  part  of  the  engine^  and 
serves,  as  in  the  preceding  case,  to  open  and  shut  a  com- 
munication. It  happens,  however,  not  to  be  the  cominu- 
nication  between  the  cylinder  and  the  condenser,  but, 
what  is  of  much  greater  consequence,  it  opens  and  shuts 
the  passage  between  the  boiler  and  the  condenser*  I  have 
materially  to  remark  to  your  lordship  respecting  tlMs 
valve,  that  it  must  be  and  is  always  shut  during  the  time 
the  steam  regulator  is  open.  How,  then,  is  it  possible,  my 
lord,  that  this  condenser  can  be  cleansed  as  in  New- 
>[^omen*s,  provided  even  the  former  objections  did  not 
exist? 

^^  Thus,  having  aimed  at  as  much  perspicuity  as  possible, 
I  hope,  and  am  even  confident,  that  your  lordship,  although 
no  engineer,  will  perfectly  understand  what  I  have  ad« 
vanced,  and  be  convinced  of  the  necessity  and  practicabi- 
lity of  giving  a  full  and  explicit  description  of  this  point 
also.  I  shall  now  proceed  as  proposed,  with  some  detail 
on  the  nature,  proportion,  and  situation  of  Mr.. Wood's 
very  ingenious  and  valuable  application  of  a  pump,  or 
pumps,  for  the  extraction  of  t)ie  water  and  uncondensed 
vapour,  which  ^ould  otherwise  much  impede  the  work- 
ing of  the  engine,  as  Mr.  Watt,  for  a  wonder,  has  had  the 
candour  to  declare  in  his  specification. 

'^  I  will  here  entreat  your  lordship's  patience,  while  I 
make  a  solemn  protestation.  I  declare,  and  I  challenge 
every  scientific  man  to  disprove  it,  that  all  the  improve- 
ments which  have  yet  fallen  within  my  observation  on 
Steam  Engines,  do  wholly  depend  on  the  application  of 
Mr<  Wood's  invention,  viz.  a  pump ;  or,  I  will  at  least 
say,  in  a  proportion  of  fifty  to  one,  compared  with  the 
other  additions  made  by  Mr.  Watt,  with  all  his  retinue  of 
doctors,  professors,  philosophers,  mathematicians,  and  me* 
chanics 
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*^  Now  for  this  pniDp,  the  iogoDious  invMitton  of  Mr. 
Wood.  I  repeat  his  same,  as  your  lordsfiip^  hayin|^ 
heard  leas  about  this  pump  on  the  present  than  on  former 
occasions,  might  be  at  a  loss  to  judge  the  cause  of  this 
declension,  and  on  thig  account  1  shall  be  more  plain  on 
the  sirbjeet^  'Much  pains  were  taken  on  this  trial  to  con- 
vince the  c^wt  that  proporiMn,  lateral  and  altitudal 
sitaadiony.  did  not  at  all  or  not  anentially  signify :  I  will 
therefore  eo»§ne-whiit  I  kvve  to  say  more  directly  to 
these  points,  with  a  small  digression  only  to  consider,  as 
in  the  case  of  Mr.  Gitty,  some  remarks  from  the  eminent 
aod  ingenious  Mr..  Cummings,.  respecting  this  important 
avticle^ 

^^My  experience,  my  lord,  obliges  nie  to  allow,  that 
when  a  pump  is  introduced,  or  added  to  one  of  Newco- 
nwn's  engines  where  there  is  no  eonddnser,.  a  trifling 
latitude  in  the  size,  over  and  above  the  real  maximum^  is 
of  little  moment,  and  -may  be  exercised  without  much 
detriment  to  (he  engine;  but  I  find,  the  closer  we  adhere 
to  the  smallest  that  is  suiEcient,  the  less  the  power  of  (he 
engine  is  impeded  by  giving  it  motion. 

^As  the  actual  proportion  the  pump  ought  to  hav« 
been  tathe  cylinder  must  be  the  result  of  duly  considering 
the  engine  both  in  a  perfect  and  less  perfect  'air-tight 
state,  I  Will  leave  every  engineer  to  study.  fiE>r  himself,  as 
Mr.  Watt  has  done^  and  hasten  to  give  my  reasons  why 
pumps,  constructed  without  regard  to  proportions,  &c.  as 
above  mentioned,  willnot  answer  in  engines  made  with 
condensers. 

^'.Suppose,  my  lord,  I  oonstructed'a^ engine  on  the  plan 
of  Mr.  Watt,  with -a  steam  cyiincter  exactly  equal  to  ono 
of  Newcomen,  to  which  I  have  annexed  a  p«mp  of  proper 
size;  I  should  be  very  naturally  led  to  make  this  sec<rnd 
one  from  the  same  patterns;  experience  having  shown  me 
the  propriety  of  Hs  dimensions,  and  to  save  also  the  ex- 
pense of  new  patterns,  tools,  &c.  This  done,  I  come  to 
determine  tlie  nize  of  mv  condenser.  If  I  be  at  a  loss  in 
this,  I  go  to  Mr.  Watt's  specification ;  there  I  find  not  a 
word  to  help  me.     I  then  post  off,  perhaps  from  Manches 
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ter  to  Cornwall,  to  see  a  condemser ;  when  1  come  there, 
I  traverse  the  whole  Covnty  in  the  diaracter  of  a  spy, 
and  none  will  even  permit  me  to  enter  their  works,  (and 
should  I  intrude  without  a  licence,  I  should  soon  get 
myself  expelled,)  much  less  stop  the  engine,  and  disorga« 
nize  the  whole,  to  give  me  the  knowledge  I  am  seeking. 
My  own  reason,  by  this  time  more  swake,  makes  this 
inference :  that,  provided  I  did  succeed  in  mc^eting  with  a 
person  friendly  enough  to  suiTer  my  scrutiny,  I  must  of 
course  pay  the  loss  accruing  from«uch  an  enterprise, — and, 
for  an  idea  of  this,  I  will  refer  your  lordship  to  the  obser- 
vations already  made  on  stopping  engines.  Just  as  wise, 
therefore,  as  when  I  started,  I  post  back  to  Manchester, 
resolved  to  make  a  condenser  of  some  sort.  I  begin  by 
reflecting,  not  on  the  thing,  for  I'knownot  what  it  is,  but 
on  its  reputation ;  and  if  I  chanced  to  recollect  the  high 
encomiums  it  received  in  the  Courts  of  Westminster  and 
London,  I  should  be  led  to  conclude,  that  were  my  engine 
all  condenser,  I  could  not  fail  of  being  on  the  right  side 
of  the  question.  Thus  I  determine  my  condenser  shall  be 
(what  I  have  seen  some  made  by  Mr.  Watt,  at  the  Soho, 
Bii^mingharo,)  as  large,  or  considerably  larger  than  the 
steam  cylinder  of  the  engine  for  which  it  is  intended. 
This  would  be  at  least  twelve  or  twenty  times  the  dimen- 
sions of  my  pump, — but  say  twelve  times,  for  the  sake  of 
data;  and  suppose  the  engine  completed,  and  ready  for 
action  :  the  consequence  of  this  1  will  endeavour  to  make 
plain  to  your  lordship.  When  the  engine  has  been 
emptied  of  her  air,  and  also  the  condenser,  by  what 
Mr.  Watt's  engineers  call  blowing  through,  the  steam 
valve  is  opened,  and  the  piston  makes  a  stroke ;  then  the 
discharge  is  made  from  the  cylinder  to  the  condenser  by 
opening  another  valve.  Now,  let  it  be  supposed  that  the 
unoondensible  air  or  vapour  which  then  fills  the  condenser^ 
and  is  to  be  drawn  out  by  a  pump  unequal  in  expansive 
force  to  one-twelfth  part  (and  it  is  seldom  less)  of  the 
steam's  pressure  on  the  piston.  The  air  pump,  which,*I 
ha\e  already  said,  is  only  one-twelflh  part  of  the  contents 
of  this  condenser,  makes  one  stroke  also ;  but  by  this  the 
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expansive  force  of  the  vapour  can  only  be  reduced  one 
twelfth  part,  for  it  must  take  twelve  strokes  of  this  pump 
to  reduce  the  vapour  in  the  condenser  to  its  least  dendty ; 
unci,  consequently,  there  will  remain  a  resistance  to  the 
second  stroke  equal  to  +4- of  the  force  of  the  vapour  men- 
tioned; and  to  the  next  stroke  ff,  and  every  continued 
stroke  in  this  proportion;  so  that,  in  about  thirteen 
strokes,  this  air  and  vapour  would  inevitably  become  as 
strong  in  the  condenser  as  the  steam ;  and,  by  thus  restor- 
ing the  equilibrium,  of  necessity  stop  the  engine,  although 
she  had  nothing  but  her  own  materials  to  carry,  and  those 
void  of  friction." 

Making  due  allowance  for  the  prejudiced  feeling  with 
which  these  remarks  of  Bramah's  were  written,  arising 
from  the  successful  rivalry  of  Watt,  our  readers  will  find 
much  interesting  information  contained  in  them.  They 
show  clearly  the  insufficiency  and  obscurity  of  the  specifi- 
cation in  question. 

Yet  Mr.  Watt  was  a  truly  wonderful  man.  His  ideas 
were  great,  and  many  of  his  discoveries  were  successful 
beyond  all  previous  conjecture.  He  has  done  more  for 
an  and  commerce  than  any  single  individual  ever  known ; 
but,  whilst  we  admit  all  this,  we  must  also  say,  few  men 
would  have  put  their  names  to  many  of  the  inventions 
which  appear  under  his.  All  men  have^  at  times,  made 
discoveries,  which  they  imagine  to  be  excellent,  but 
which  prove  otherwise:  but  few  have  put  upon  record  so 
many  absurd  and  impracticable  schemes.  What  are  we  to 
aay  to  his  many  rotative  engines ;  to  his  six  contrivances  for 
regulating  the  motion  of  his  engines ;  to  his  method  of  work- 
ing engines  by  the  alternate  expansion  and  contraction  of 
the  steam  ?  We  answer^  that  the  majority  of  them  were 
impracticable,  and  some  of  them  the  most  contemptible 
schemes  that  ever  entered  the  brain  of  a  projector.  His 
mind  seems  to  have  been  capable  of  any  thing;  but  he  was 
too  inactive  both  in  body  and  mind  to  set  about  satisfying 
himself  of  the  true  value  of  his  inventions.  Many  years 
elapsed  before  he  submitted  his  great  scheme  to  the  test  of 
experiment ;  and,  when  the  means  r.ere  afforded,  it  was 
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three  years  before  the  experiment  was  completed.  Long 
intervals  passed  over  between  his  visits  to  Soho,  even 
when  many  of  his  most  important  experiments  were  in 
progress.  We  cannot  think  with  Playfair  that  ^^  he  never 
went  either  before  or  beyond  the  direct  inference  which 
could  be  drawn  from  an  experiment;  or  that  so  great  was 
his  sagacity,  that  few  bearings  of  that  experiment  were 
omitted  or  overlooked/'  We  have  shown,  on  the  con- 
trary, that  not  one  half  of  his  schemes  answered,  and  that 
he,  like  all  men,  was  liable  to  misconception  and  error* 


From  a  wish  to  keep  our  description  of  Mr.  Watt's  dis- 
coveries as  connected  as  we  could,  we  have,  until  now, 
passed  over  the  invention  of  Mr.  Jonathan  Horablower,  of 
Penrhyn,  Cornwall,  for  which  a  patent  was  taken  out  in 
1781.  A  full  and  detailed  description  is  to  be  found  in  the 
first  edition  of  Gregory's  Mechanics.  The  following  is -a 
copy  of  his  specification :— > 

^^  First, — 1  use  two  steam  vessels,  in  which,  the  steam  is 
to  act,  and  which  in  other  steam  engines  are  called  cylin- 
ders. Secondly, — I  employ  the  steam,  after  is  has  acted 
in  the  first  vessel,  to  operate  a  second  time  in  the  other,  by 
permitting  it  to  expand  itself,  which  I  do  by  connecting 
the  vessels  together,  and  forming  proper  channels  and 
apertures,  whereby  the  steam  shall,  occasionally,  go  in 
and  out  of  the  said  vessels.  Thirdly, — I  condense  the 
steam  by  causing  it  to  pass  in  contact  with  metallic  sub* 
stances,  while  water  is  applied  to  the  opposite  side. 
Fourthly,— to  discharge  the  engine  of  the  water  employed 
to  condense  the  steam,  I  suspend  a  column  of  water  in  a 
tube  or  vessel  constructed  for  that  purpose,  on  the  princi- 
ples of  the  barometer,  the  upper  end  having  open  commu- 
nication with  the  steam  vessels,  and  the  lower  end  being 
immersed  in  a  vessel  of  water.  Fifthly, — to  discharge  the 
air  which  enters  the  steam  vessels  with  the  condensing 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
H  hence  it  is  protruded  by  the  admission  of  steam.  Sixthly. 
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— ^that  the  coodemed  Tapour  shall  not  remain  in  the  steam 
vessel. ia  which  the  steam  is  condensed,  I  collect  it  into 
another  vessel,  which  has  open  cotmnunication  with  the 
steam  vessels,  and  the  water  in  the  mine,  reservoir,  or 
river.  Liastly, — ^in  cases  where  the  atmosphere  is  to  be 
employed  to  tvH  on  the  piston,  I  use  a  piston  so  constructed 
\b  to  admit  steam  round  its  periphery,  and  in  contact  with 
the  sides  of  the  steam  vessel,  thereby  to  prevent  the  exter- 
nal air  from  passings  in  between  the  piston  and  the  sides  of 
the  steam  vessel/* 

This  patent,  like  Mr.  Watt%  conveys  no  idea  of  either 
form  or  dimensions ;  and  we  must  therefore  have  recourse 
to  other  sources  for  more  particulars  respecting  it.  An 
enlarged  account  was  inserted  in  '^  Gregory *s  Afechanics,^ 
but  was  afterwards  omitted  by  the  author,  who,  in  a  sub- 
sequent edition,  makes  the  following  remarks  thereon. — 
^  As  I  have  been  exposed* to  much  calumny  and  miisrepre- 
sentation  for  admitting  that  historic  sketch  into  my  work, 
I  beg  to  remark  that  1  did  it  solely  from  motives  of  bene- 
volence. Till  the  time  my  second  volume  was  preparing 
for  the  press,  T  knew  nothing  of  Mr.  Homblow«r ;  but  a 
friend  of  mine,  on  whose  judgment  I  placed  great  reliance, 
who  was  well  acquainted  with  Mr.  Homblower,  and 
thought  highly  of  his  moral  character,  as  well  as  of  his 
mechanical  skill,  had  a  full  persuasion  that,  through  a 
series  of  unfortunate  circumstances,  he  had  never  had  jus- 
tice done  him,  and  urged  me  to  allow  Mr.  Hornblower  to 
tell  his  own  story.  T  yielded  to  his  solicitations,  and  in 
consequence  exposed  myself  to  the  malevolence  of  certain 
writers,  who,  in  one  short  note  of  ten  Knes,*  published 
four  positive,  wilftil  ftilsehoods,  for  the  honourable  pur- 
pose of  injuring  my  reputation.  I,  however,  forgive  theixi, 
althougli  they  treated  me  unjustly ;  and  trust  they  will, 
ere  now,  have  forgiven  me  for  permitting  an  injured, 
though  perhaps  hasty,  man,  to  defend  his  own  cause  and 
that  of  his  fhmily.  He  is  now  beyond  the  reach  of  those 
who  wished  to  promote  his  welfare,  as  well  as  of  those  who, 

*  Edinburgh  ReTiew,  vol.  xiii.  p.  327. 
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by  unfftirly  depreciation  lii«  character,  involved  him  in 

uin.  His  latter  years  were  rendered  comrortable,  not  by 
lie  liberality  of  his  countrymen,  but  by  an  opulent  and 
^ientific  Swede^  who  knew  how  to  appreciate  and  to 
reward  his  merit  as  an  engineer. 

^^  The  principle  of  Hornblower''ti  engine  depended  on 
his  obtaining  more  power  by  a  complicated  force  <}f  steam 
than  could  be  acquired  by  its  simple  action  in  the  common 
mode*  This  is  effected  by  the  lue  of  two  cylinders  of 
different  capacities;  and  Mr.  Hornblower,  after  inqui- 
ring into  the  effect  of  using  steam  aeeerding  to  each  of 
these  modes,  compares  the  results  together  as  follows.  '  If 
^  we  obtain  the  accumulated  pressure  by  taking  a  mean  of 
^  the  extremes,  we  shall  find  Mr.  Watt's  application  to  be 
<  **'^*'%-20,  leaving  12  lbs.  at  the  termination  of  the  stroke. 
^  The  application  of  the  prittciple  in  the  present  instance, 
^  by  taking  the  mean  of  the  two  extremes,  will  be^-^=21y 
^  leaving  IS  at  the  termination  of  the  stroke;  which-,  in 
'  point  of  advantage,  in  favour  of  the  double  cylinder,  is  ^ 
*  as  S  to  2 ;  a  point  of  no  small  magnitude  in  the  practical 
^  application  of  this  principle,  and  which  seems  to  have 
^  been  overlooked  by  all  those,  who  have  taken  up  the 
'  subject.' " 

The  following  descriptimi  of  this  engine,  (written  by  the 
inveator,)  is  copied  from  the  ^^  Encyclopedia  Britannica.'' 
Let  A  and  B  represent  two  cylinders,  of  which  A  is  the 
largest ;  a  piston  moves  in  each,  having  their  rods,  C  and 
D,  moving  through  collars  at  E  and  F.  These  cylinders 
may  be  supplied  with  ateam  from  the  boiler,  by  means  of 
the  square  pipe  O,  which  ha*^  a  flange  to  conaeet  it  with 
the  rest  of  the  steam  pipe.  This  jM)aare  part  is  represevted. 
as  branching  off  to  both  cylinders  :  c  and  4  are  two  cecks, 
which  have  baivdles  and  tumblers  as  usual,  worked  by  the 
plug'bearo  W.  On  the  foreside  of  the  cylinders  is  repre- 
sented another  commuaicating  pipe,  whose  section  is  also 
sqaare,  or  rectangular,  having  also  two  cocks,  a,  b .  The 
pipe  Y,  immediately  under  the  cock  6,  establishes  a 
c^romuaicatioa  between  the  upper  and  lower  parts  of  (he 
cylinder  B,  hy  opening  the  cock  6.  There  i<4  a  similar  pipe 

.'i.  o 
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on  the  other  side  of  the  cylinder  A,  immedifttely  under  the' 
«ock  d. 


( Homblower's  Eagitte.    1761.) 

When  the  cocks  c  and  a  are  open,  and  the  cocks  b  and 
i  are  shut,  the  steam  from  the  boiler  has  fi-ee  admission 
into  the  upper  part  of  the  small  cylinder  B,  and  the  steam 
from  the  lower  part  of  B  has  free  admission  into  the  upper 
part  of  the  great  cylinder  A  ;  but  the  upper  part  of  each 
cylinder  has  no  communication  with  its  lower  part. 

From  the  bottom  of  the  great  cylinder  proceeds  the 
educti«n  pipe  K,  having  a  valve  at  its  opening  into  the 
cylinder  ;  it  ther  bends  downwards,  and  is  connected  with 
the  condenser, 
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Lastly,  the  pump-rods  cause  the  outer  end  of  the  beano 
to  preponderate,  so  that  the  quiescent  position  of  the  beam 
is  that  represented  in  the  figure,  the  pistons  being  at  the 
top  of  the  cylinder. 

Suppose  all  the  cocks  open,  and  steam  coming  in  copi- 
ously from  the  boiler,  and  no  condensation  going  on  in  L, 
the  steam  must  drive  out  all  the  air,  and  at  last  follow  it 
through  the  valve  Q.  Now  shut  the  cocks  b  and  d,  and 
open  the  escape  valve  of  the  condenser  ;  the  condensation 
will  immediately  commence,  and  draw  off  the  steam  from 
the  lower  part  of  the  great  cylinder.  There  is  now  no 
pressure  on  the  under  side  of  the  piston  of  the  great 
cylinder  A,  and  it  immediately  descends.  The  communi- 
cation  Y,  between  the  lower  part  of  the  cylinder  B,  and 
the  upper  part  of  the  great,  cylinder  A,  being  open,  the 
steam  will  go  from  the  lower  part  of  B,  into  the  space 
left  by  the  descent  of  the  piston  of  A.  It  must,  therefore, 
expand,  and  its  elasticity  must  diminish,  and  will  no  longer 
balance  the  pressure  of  the  steam  coming  from  the  boiler, 
and  pressing  above  the  piston  of  B. 

This  piston,  therefore,  if  not  withheld  by  the  beam, 
would  descend  till  it  came  in  equilibrio,  from  having  steam 
,of  equal  density  above  and  below  it.  But  it  cannot  de« 
scend  so  fast;  for  the  cylinder  A  is  larger  than  B,  antl  the 
arch  of  the  beam,  at  which  the  great  piston  is  suspended, 
is  no  longer  than  the  arm  which  supports  the  piston  of  B  : 
therefore,  when  the  pbton  of  B  has  descended  as  far  as 
the  beam  will  permit  it,  the  steam  between  the  two  pistons 
occupies  a  larger  space  than  it  did,  when  both  pistons  were 
at  the  top  of  their  cylinders,  and  its  density  diminishes  as 
its  bulk  increases.  The  steam  beneath  the  small  piston  is, 
therefore,  not  a  balance  for  the  steam  on  the  upper  side  of 
the  same,  and  the  piston  B  will  act  to  depress  the  beam 
with  all  the  difference  of  these  pressures. 

The  slightest  view  of  the  subject  must  show  the~  reader, 
that  as  the  piston  descends,  the  steam  that  is  between  them 
will  grow  continually  rarer  and  less  elastic,  and  that  both 
pistons  will  draw  the  beam  downwards.  Suppose  now, 
that  each  one  had  reached  the  bottom  of  its  cylinder :  shul 
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the  cock  a,  and  the  eduetion  valve  at  the  bottom  of  A^  and 
open  the  cocks  b  and  d.  The  communication  being  now 
established  between  the  upper  and  lower  part  of  each  cy- 
linder, their  pistons  will  be  pressed  eq  ually  on  the  upper  and 
lower  surfaces ;  in  this  situatioOf  therefore,  nothing  hrn- 
ders  the  counterweight  from  raising  the  pistons  to  the  top. 

Suppose  them  arrived  at  the  top  :  the  cylinder  B  is  at 
this  time  filled  with  steani  of  the  ordinary  density,  and 
the  cylinder  A  with  an  equal  absolute  quantity  of  steam, 
but  expanded  into  a  larger  space.  Shut  the  cocks  6  andd, 
and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom 
of  A,  the  condensation  will  again  operate,  and  cause  the 
pistons  to  descend ;  and  thus  the  operation  may  be  re- 
peated as  long  as  steam  is  supplied  ;  and  one  raeasQre*faU 
of  the  cylinder  B  of  ordinary  steam  is  expended  during 
each  working  stroke.  ^ 

Professor  Robinson^s  mathematical  investigation  of  the 
principles  of  this  engine  is  extremely  interesting.  He 
demonstrates  that  the  same  eflfect  only  is  produced  as  in 
Mr.  Watt's  expansion  engine.  We  shall  endeavour  to* 
show  the  same  by  an  arithmetical  calculation,  as  it  will  be 
thereby  more  generally  comprehended. 

We  shall  assume,  for  the  sake  of  being  more  s;^ 
intelligible,  that  the  cylinders  are  placed  one . 
above  the  other,  as  represented  in  the  margin, 
the  lower  one  being  twice  the  area  of  the  upper 
one,  and  the  pistons  connected  by  one  rod ;  so 
that  the  external  apparatus  shall  be  at  all  times 
actuated  by  the  united  force  exerted  on  both 
pistons. 

We  shall  imagine  the  small  piston  to  be  100  inches  in 
area,  and  the  larger  one  200  inches ;  and,,  assuming  the 
pressure  to  be  10 lbs.  on  (lie  inch,  the  pressure  on  the 
smaller  piston  will  be  1000  Ibb.,  whilst  that  of  the  larger 
will  be  2000 lbs. 

Both  pistons  being  at  the  top  of  their  respective  cylin- 
ders, let  steam  be  admitted  of  the  abovenamed  density. 
The  stroke  will  then  be  commenced  with  a  force  of  about 
2000  lbs.  (not  deducting  friction,)  because  we  have,  in  the 
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ontset,  the  whole  force  of  the  larger  piston,  beneath  which 
there  is  no  resistance  of  its  action ;  but  the  smaller  piston, 
having  steam  of  the  pressure  above  as  well  as  below  it,  is 
in  equilibrio.  But,  as  the  pistoiA  descend,  the  power  of 
the  greater  on^e  decreases,  by  the  reduced  resistance  from 
the  expansion  of  the  steam  contained  between  the  two 
pistons,  whilst  the  power  of  the  smaller  is  increased  by 
the  steam  from  the  boiler  continuing  to  act  on  it  with  the 
force  of  10  lbs.  or  the  inch,  whilst  the  steam  underneath  it 
is  gradually  expanding  into  the  larger  cylinder,  and  con* 
sequently  becoming  reduced  in  its  density.  The  following 
table,  extracted  from  Rees's  Encyclopaedia,  will  show  the 
variations  in  the  power  at  certain  parts  of  the  stroke. 


Descending  poiror  of  the  great 
pbton. 


Ite* 

At  flrBtythe  power  will  be  8000 
In  consequence  of  the  pressure 
of  lOIhs.  per  inch  on  its  iipi)er 
siirfiM^,  and  no  pressure  oe- 
iieatb. 

At  ooe-fourth  of  the  descent 
the  power  will  have  di- 
minished by  regular  de- 

crements  to 1000 

Because  the  steam  between  the 
two  pistons  mast  occupy  |rbs  of 
the  smaller  cylinder,  and  ^h  of 
the  great  cylinder^  which  is  a 
space  equal  to  1  and  ^th  of  the 
original  space  which  it  filled ; 
therefore,  the  space  will  be  aa 
5  to  4,  and  if  the  density  be  as 
the  inverse  proportion  of  the 
space,  the  pressure  on  the  great 
piston  must  be  I  of2000»1600. 

At  one-half  of  the  descent 
the  power  will  be  dimi- 
nished  to   ISSSJ 

Because  at  this  point  the  steam 
between  the  pistons  occupies 
one-half  of  the  small  cylinder, 
and  one-half  of  the  large  one, 
which  is  a  space  equal  to  I  ^  of 
what  it  filled  at  the  commeoce- 
jient;  the  spaces  will  therefore 
le  6  to  4,  and  the  pressure  on 
i^ic  great  piston  as  4  to  6,  or 
jd8of2<K)0=sl333i. 

Carry  for  wo  d 4939^ 


At  first..  2000 


Because  the  piston  is  in 
equilibrio,  having  1000 
lbs.  presslut?  upwards.  & 
1000  lbs.  do  wu  wards. 


200 


Because  the  equilibrium 
does  not  continue,  and 
at  ith  of  the  descent,  the 
pressure  under  the  small 
pistou  is  reduced  by  the 
expansion  of  the  sreani 
between  the  pistnus  to  | 
of  1000ai800,  wh'He  ilie 
pressure  abore  the  pist<iu 
continues  to  be  1 000.  'Hie 
power  is,  therefore,  1000 
~  800=200. 


IfOO 


Because  the  pressure  be- 
neath is  diminished  by 
the  increased  rarity  of  the 
steam  to  two  thirds  of 
1000=666f,  while  the 
downward  pressure  con- 
tinues to  be  1000.  Tlie 
power  is,  therefore,  lOOO 

—  e66§=3ss;. 


333J 


16/J6} 


533i 


&466| 
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Dese  endint:  pow  er  of  the 
piston. 


Brought  forward .  • 


At  three.fourths  of  the  de- 
scent the  power  will 
only  be  1148; 

Because  the  steam  most  now 
ocrnpy  4th  of  the  small  cylin- 
der, and  ^ths  of  the  large  cy- 
linder, which  is  aspace  equal. to 
IJths  of  the  original  spac^ 
Thus  the  spaces  will  be  7  to  4, 
and  the  pressore  on  the  great ' 
piston  four-sevenths  of  2000 
»1142;. 

At  the  bottom  of  the  cylin- 
der the  power  will  be  ••1000 
Because  the  steam  must  occupy 
the  whole  of  the  large  cylinder, 
a  space  equal  to  twice  the  small 
cylinder,  which  it  at  first  filled. 
The  pressure  will  therefore  be 
4  of  2000=  1000. 


Sum  of  the  powers  exerted 
by  the  great  piston  in  its 
descent 7076 


Deacending  power  of  tlie  amall 
piston. 

at* 
58ai 


488f 

Because  the  pressure  be- 
neath is  reduced  by  the 
rarity  of  the  air  to  four- 
sevenths  of  i000»47  If. 
Therefore  the  power  is 
1000—67  lf»l28f . 


Combined  jjiovcrs 
of  botli  pwloiui. 


ite. 

546Gf 


500 


Because  the  steam  be- 
neath the  piston  is  redu- 
ced to  4  of  its  pressure, 
or  600,  which, deducted 
firom  1000,  leaves  600. 


Sum  of  the  powers 
of  the  small  piston .  1461 


1671^ 


1500 


Sum  of  the 
combined 
powers..  8587 


Now,  if  Mr.  Wattes  principle  of  expansion  were  used  in 
a  cylinder  of  the  same  area  as  the  larger  one  in  this  in- 
stance,  and  the  pressure  of  steam  the  same  at  the  com- 
mencement, namely,  10  lbs,  on  the  inch,  until  one-half  of 
the  stroke  be  completed,  and  the  remainder  be  effected  by 
the  expansion  of  the  steam  already  contained  in  the 
cylinder,  the  power  will  be — 

At  the  beginning 2000  lbs. 

At  one-fourth    2000 

At  one-faalf   2000 

At  three-fourths  * 1333| 

Atthe  bottom 1000 

Total  effect 8333i 


Hence  it  will  appear  that  the  difference  between  the 
effect  of  the  two  principles  is  ve'-v  f  rifling ;  but  even  this 
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difference  would  not  exist,  if  recourse  were  had  to  flux- 
ious,  instead  of  common  arithmetic;  because  by  the  latter 
it  is  assumed  that  the  change  in  the  two  effects,  named  at 
any  two  points,  has  only  taken  place  at  that  last  named, 
and  consequently  that  the  force  up  to  that  point  had  conti- 
nued the  same  as  the  preceding  one.  For  instance,  the  force 
on  the  larger  piston  of  Mr.  Hornblower's  engine  is  stated 
to  be  at  one*'fourth  of  the  stroke,  and  from  thence  to  the 
half  stroke,  1600  tt)S. ;  but  this  is  not  the  fact,  for,  from  the 
quarter  to  the  half  stroke,  the  force  is  gradually  diminish- 
ing from  1600  to  !333i.  The  minutest  subdivisions  would 
only  be  an  approximation  to  accuracy.  Fluxions  are  the 
only  method  of  obtaining  correctly  the  sum  total  of  con- 
stantly increasing  or  decreasing  quantities* 

In  this  calculation  of  the  power  of  Mr.  Watt's  engine, 
a  less  number  of  points  have  been  taken  than  ought  to 
have  been;  for  although  five  are  taken,  in  common  with 
Mr.  Homblower*s,  yet  two  of  them  are  when  the  cylinder 
of  Mr.  Watt  is  in  communi^jation  with  the  boiler ;  whereas 
the  comparison  ought  to  have  been  made  by  taking  five 
points  during  the  last  half  of  the  stroke  of  each  engine. 
By  this  method  it  would  have  been  seen  that  a  very  trifling 
difference  in  the  total  effects  of  each  would  have  resulted. 

In  confirmation  of  these  calculations  it  may  be  stated, 
that  Mr.  Hornblower's  engine  was  not  found  in  practice, 
to  exceed  in  effect  the  expansion  engine  of  Mr.  Watt.  He 
erected  an  engine  in  179S,  at  Tin  Croft  Mine,  in  Cornwall, 
which,  it  appears,  did  not  perform  work  equal  to  an 
engine  of  Messrs.  Boulton  and  Watt,  which  consumed* 
the  same  quantity  of  coals. 


We  shall  now  proceed  to  the  consideration  of  the  next 
invention  that  presents  itself  in  chronological  order,  which 
is  a  Rotative  Engine  by  Mr.  Cooke,  a  drawing  and  de- 
scription of  which  are  to  be  found  in  the  Transactions 
of  the  Royal  Irish  Academy,  1787.  We  subjoin  a  de- 
scription thereof. 
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Ob  tbe  circamference  of  8  wheel  eigta  vanea  or  flaps 
are  attscked  by  joiats,  which  are  fcrmed  to  open  some- 
what more  than  half  of  their  circvrnference.  During  the 
rerolatioa  of  the  wheel,  the  vane»-  being  first  opened  by 
their  owd  gravity,  are  afterwards  kept  to  fill  the  channel  by 
the  presenre  of  the  steam,  ccc  arelheTalvenor  flaps;  6is 
the  tube  which  admits  steam  from  the  boiler;  a  a  tube  lead- 
ing to  the  condenser,  t  kf\B  the  case  in  which  the  wheel 
A  A  is  enclosed  as  high  as  the  dotted  line;  this  case  is  to 
be  steam-tight.  The  wheel  being  supposed  iu  the  situation 
in  the  figure,  the  valves  prevent  any  communication  be- 
tween the  boiler  and  condenser.  Steam  is  now  admitted 
at  6,  and,  pressing  on  c  c,  forces  tbem  forward  in  its  pas- 
sage to  the  condenser,  and  prodaces  movement.  Tbe  con- 
denser  is  worked  by  a  crank  in  the  axis,  and  a  rod  d  is  ex- 
tended frau  it,  which  keeps  a  constant  vacuum  in  that  hal. 
of  the  steam  case '. — "  by  this  means  a  power  is  added  to 
the  steam  equal  to  the  weight  of  the  atmosphere ;  so  that, 
when  the  force  of  the  steam  iji  only  equal  to  the  pressure 
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of  the  atmosphere^  and  the  valves  are  six  inches  square, 
the  wheel  will  be  foreed  round  by  a  power  equal  to  531} 
lbs.  placed  on  its  circumference.^'  The  construction  of 
this  machine  we  need  hardly  say  would  be  impracticable. 
Friction  out  of  the  question,  the  imperfection  of  the  me- 
chanism, and  the  clumsiness  of  the  whole  engine,  are  too 
apparent  to  need  any  detail. 

Mr.  Thomas  Burgess  obtained  a  <p8tent,  in  1789,  for  « 
method  of  producing  a  rotary  motion  from  the  action  ot 
an  alternate  movement.  We  are  induced,  from  the  pro* 
bability  that  few  of  our  readers  are  acquainted  with  it,  io 
give  it  a  place  here.    • 


(Burgesses  Rotary  Motion.    1789.) 


Upoii  an  axis  A,  to  which  the  rotary  motion  is  to  be 
communicated,  a  collar  C  is  accurately  fitted,  so  as  to  turii 
freely  thereupon,  and  so  secured  in  its  place  as  to  prevent 
its  sliding  sideways;  round  the  collar  a  chain  or  rope  R 
is  to  be  wound ;  one  end  of  the  ropt^  is  made  fast  4:o  the 

6.  p 
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lever  L  of  a  steam  engine,  or  other  alternating  moving 
power,  which  motion  may  be  horizontal,  vertical,  or  in 
any  other  direction  :  to  the  other  end  of  the  rope  a  weight 
W  is  suspended,  which  is  to  draw  the  collar  C  back,  in 
the  interval  between  each  i»troke  or  impulse  of  the  moving 
j)Ower,  Inside  of  the  barrel  or  collar  C  is  fixed  a  pall  or 
catch,  P,  which  falls  by  its  own  gravity  into  the  notches  of 
the  axle  A,  so  that,  wtien  it  is^acted  upon  by  the  moving 
power  in  one  direction,  the  axis  A  becomes  locked  to  the 
collar,  and  the  fly  wheel  F  is  forced  into  a  rotary 
motion.  When  the  action  is  reversed  by  the  alternating 
motion  of  the  lever  L,  the  collar  is  released  and  runs  back) 
the  pall  sliding  over  the  notches  in  the  axis  without  impe- 
diment, the  original  rotary  motion  continuing  in  the  fly 
wheel,  by  the  impetus  given  it  at  every  alternate  stroke  of 
the  lever. 

This  machine  needs  no  comment ;  it  is  infinitely  inferior 
to  the  crank  which  was  in  use  prior  to  the  date  of  this 
patent :  it  is,  notwithstanding,  very  ingenious ;  and,  fifteen 
or  twenty  years  sooner,  might  have  been  considered  as  a 
convenient  and  useful  method  of  obtaining  the  desired 
end. 

In  the  year  1790,  Mr.  J.  Bramah,  of  Piccadilly,  (author 
of  the  pamphlet  addressed  to  Chief  Justice  Eyre,  from 
which  we  have  made  copious  extracts,)  and  Mr.  Thomas 
Dickinson,  of  Bed  worth  Close,  County  of  Warwick, 
jointly  obtained  a  patent  for  three  rotative  engines. 

In  the  subjoined  engraving,  fig.  1.  represents  the  plan  of 
one  of  these  engines,  and  fig.  3,  a  section.  A  A  and  B  B 
show  the  ends  of  two  short  cylinders  or  rings  of  difibrent 
diameters,  one  placed  in  the  centre  of  the  other.  C  is  the 
channel  or  circular  groove,  formed  between  the  two  cir- 
cles. The  ends  of  the  cylinder  or  ring  B  B  are  shut  up  by 
two  flat  plates  D  D,  as  shown  in  the  section ;  to  these 
plates  is  joined  an  axis  or  spindle  E  E,  which  axis  or 
spindle  passes  through  the  ends  or  caps  F  F,  which  enclose 
the  ends  of  the  cylinder  or  ring  A  A,  and  which  is  made 
air-tight  by  means  of  a  stuflSng  box  in  the  usual  way.  By 
this  axis  or  spindle  the  cylinder  or  ring  B  B  may  be 
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turned  round  from  without,  any  external  power  being 
applied  for  that  purpose ;  or  this  axis  or  spindle  may  be 
applied  to  give  motion  to  any  other  machine,  when  the 
cylinder  B  B  is  turned  round  by  any  power  or  force  acting 
from  with^Ur  In  the  cylinder  or  ring  B  B  are  fixed  two 
sliders,- G  6,^  crossing  each  other  at  right  angles  in  the 
centre,  where  they  are  notched  or  half  spliced,  so  far  as  to 
allow  them  to  slide  backwards  and  forwards,  its  much,  at 
least,  as  the  diameter  of  the  channel  or  groove  C.  The 
length  of  each  of  these  sliders  is  equal  to  the  diameter  ot 
the  cylinder  or  ring  B  B,  and  one  diameter  of  the  channel 
or  groove  C,  and  the  width  is  equal  to  the  height  of 
the  ehaanel  or  groove  C ;  so  that  the  points  which  perfo- 
rate the  extremity  of  the  cylinder  or  ring  B  B,  when  they 
are  pushed  Q.ut  into  the  channel  or  groove,  may  entirely 
fill  the  same,  si^milar  to  a  piston  working  in  a  common 
cylinder ;  in  order  that^  when  the  cylinder  B  B  is  turned 
round,  the  channel  or  groove  may  be  by  that  part  of  the 
slider  totally  swept  or  emptied.  In  this  channel  or  groove 
is  fixed  the  partition  H,  which  fills  the  same  in  that  part, 
and,  by  its  being  fitted  against  the  periphery  of  the  wheel 
B  R,  prevents  the  pai-^age  of  any  fluid  that  way  round  the 
ehanoe],*  when  the  caps  or  ends  are  screwed  down.  On 
ea«h  side  of  the  partition  H  is  fixed  a  rib  1 1,  or  piece  of 
such  a  shape  as  to  perfectly  fit  the  circle  B  B,  one  quarter 
of  its  circumference,  between  the  dotted  lines  1,2$  and 
the  remaining  part  is  continued  in  a  shape  inclining  to  the 
circle  of  the  greater  cylinder  A  A,  with  which  it  forms  an 
easy  juncture  at  the  quartile  points,  3, 4.  When  the  cy- 
tinder  B  B,  with  the  sliders,  are  turned  round  in  either 
direction,  the  inclined  parts  of  the  ribs  1 1  force  the  oppo- 
site end  of  the  sliders  6  6,  successively  into  their  channel 
or  groove,  where  they  are  obliged  to  remain  during  one 
quarter  of  the  revolution,  being  kept  in  that  position  by 
the  circular  part  of  the  rib  between  1  and  2.  K  M  are 
two  pipes  of  any  required  diameter,  which  may  be  inserted 
into  the  channel  or  groove,  in  any  direction  the  situation 
of  the  machine  may  require,  between  the  points  H  3  and 
H  4.     The  sliders  are  rendered  sufficiently  tight  at  their 
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jiific(ion  with  the  channel)  fby  means,  of  )oakum  or  any 
other, flexible  material  beingifcrce'd  into  the  cavities  made 
for  that  purpose  at  the  parts^L  L  hf  fliid  also  the- partition 
H  in  the  saniie  way,  Tbd  .cylHideriiQiF  ring  B.B,  being 
thus  armed  with  .the '  sliden>,i  aiid:  tl^€boap»  onends^  F  F, 
screwed  on  by  the  flancbe^  at  AtA^  tiit  mAobine  is  ^om^plete^ 
and  ready  for  action^  Now,:9upposiagtthat  through  the 
pipe  K  a  shaft  of  watery  sieswtt  ^Vj,My\^ShwHuidy  from 
any  considerable  height,  is  admittt^diintoithie  chaflAel  or 
groove  G,  it  would  immediately  tforcef.^gaiiost  the  slider 
projected  iu  the  channel  as  at  iN^iaiid'  also. against  the 
fixed  partition  H;  which  parti^tipn^.preyenting  its  passage 
that  way  to  the  evacuation  pipe  My  wlece  .tAe  splent  water 
is.  discharged,  the  next  f^lider  in  Autimssion  hiks  passed  or 
covered  the  junction  of  the  ascending  pipo;K,^so  that  each 
successive  slider  receives  the.  pre^urio  before  it  is  done 
acting  on  the  former;  by  thid  meand  ^  uniform  rotation, 
is  maintained  in  the  cylinder  BB,  and  its  velocity  will  be 
equal  to  the  descent  jof  theiwater  in.  the.pipe  K,  and  its 
force  equal  to  the  speeifie  gravity  of  the  same..  Thus  this 
machine  may  be  worked  by  steam,  condensed.atr,  wind,  6r 
any  other  elastic/ or  gravitating  fluid,  for  the  purpose  of 
working  mills,  or  any  other  kind  of  machine  or  engine 
whatsoever,  they  being  properly  connected  with  the  axifi 
or  spindle  E  E ;  and  when  any  power  is  externally  applied 
to  the  said  axis,  which  may  tufn  the  machine  in  any  direc- 
tion, it  becomes  a  complete  .pump;  possessing  all  the 
properties  of  every  other  sort' of  hydraulic  engine  whatso- 
ever, by  applying  the  pipes  K  and  M  accordingly ;  and  it 
has  also  much  advantage  over  every  other  kind  of  pump, 
as  the  fluid  pumped  is  kept  in  constant  motion  both  in  the 
suction  and  ascending  pipes.  This  machine  may  be  fixed 
either  in  a  horizontal  orfvertical  direction.** 

It  will  be  perceived  that  the  machine,  for  which  Mr« 
Job  Rider  recently  obtained  a  patent,  resembles  this  in 
principle.  The  point  in  which  Mr.  Rider's  differs  fro^ni 
it,  is  in  his  sliders  being  more  in  number,  and,  instead  of 
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crossing  each  other,  are  formed  of  shorter  plates  not 
reaching  to  the  axis.  The  excessive  friction  of  this  ma* 
chine  would  be  a  sufficient  reason  for  its  abandonment ; 
besides  which,  the  cross  sliders,  O  6,  would  in  time  become 
so  worn  at  their  ends,  that  the  ribs,  1 1,  would  not  be  able 
to  force  them  against  that  part  of  the  cylinder  opposite  the 
projection  H,  so  as  to  stop  the  passage  of  the  steam. 

In  the  annexed  engravings,  fig.  1.  represents  another 
plan  of  a  rotative  engine  in  the  same  patent,  where  the 
sliders  are  stationed  in  the  periphery  of  the  outer  cylinder, 
and  the  water,  steam,  or  other  fluid,  passes  first  into  a 
smaller  or  inner  cylinder,  previously  to  its  producing  its 
eflect  in  the  channel  or  groove,  as  in  the  other  example. 
A  is  the  end  of  a  hollow  smaller  cylinder,  placed  in  the 
centre  of  the  larger  cylinder  B;  the  cylinder  A  is  fixed 
on  an  axis  or  spindle  C,  as  in  the  section.  D  D  is  the 
channel  or  groove,  formed  between  the  outer  surface  of 
the  cylinder  A,  and  the  inner  surface  of  the  cylinder  B ; 
to  the  cylinder  A  is  fixed  a  wing  or  fan  E,  of  a  projection 
sufficient  to  fill  and  act  in  the  channel  D  D  as  a  piston, 
when  A  is  turned  round  by  the  axis  or  spindle  C,  so  as  to 
sweep  the  contents  of  the  channel ;  or,  when  any  force  is 
applied  on  one  side  of  its  surface,  it  will  cause  the  cylinder 
A,  and  the  axis  or  spindle  C,  to  be  turned  round.  The 
cylinder  A  is  left  open  at  both  ends,  which  pass  through 
the  end  plates  into  the  caps,  and  is  fitted  water-tight  in 
the  junctions.  In  or  about  the  middle  of  the  cylinder  A 
is  a  chamber  or  partition,  which  divides  the  upper  end 
from  the  lower ;  H  H  are  two  sliders,  stationed  at  oppo- 
site  points  in  the  periphery  of  the  outer  cylinder  B,  where 
there  are  cells  projected  as  at  II,  to  receive  them  and 
allow  their  motion.  These  sliders  are  moved  by  the 
small  spindles  K  K  passing  through  stuffing  boxes  in  the 
usual  way.  They  are  ultimately  opened  and  shut  by  half 
the  rotation  of  the  inner  cylinder,  by  means  of  a  wheel 
with  an  eccentric  groove  fixed  on  the  axis,  as  L  I/.  In 
\his  groove  move  two  friction  wheels,  which  being  joined 
to  the  sliders  by  a  connecting  bar,  the  sliders  H  H  are 
opened  and  shut,  by  the  axis  C  turning  round,  so  that  one 
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of  the  sliden  H  H  ia  always  close  shut  against  the  cylin< 
der  A,  wbikt  the  other  ib  opening  to  let  the  wing  or  fan 
pass,  which  is  again  shut  before  the  passive  slider  begins 
its  motion.  The  machine  being  thus  complete,  suppose 
that,  at  a  pipe  O,  a  current  ofwater,  steam,  or  other  fluid 
having  force,  was  admitted  into  the  cap  whilst  the  machine, 
is  in  its  present  position,  it  would  immediately  fall  into 
(he  upper  cavity  of  the  cylinder  A,  and,  passing  through 
the  aperture  into  the  channel  D,  would  press  against  the 
wing  or  hn  E,  on  the  one  side,  and  against  one  of  the  sli- 
ders H  H,  on  the  other;  which  slider  not  giving  way 
would  cause  the  wing  or  fan  E  to  recede,  and  turn  round 
the  cylinder  A  with  its  axis  C  ;  which  axis,  turning  the 
wheel  with  the  groove  L  L,  would  canse  the  opposite 
slider  to  begin  its  motion ;  so  that  by  the  time  the  wiitg  or 
fan  E  reaches  the  station  of  the  slider,  it  is  totally  drawn 
back  into  its  cell,  so  as  to  permit  the  wing  or  fan  E  to'pass 
without  interruption;  and,  by  the  continued  motion  of 
the  machinn,  the  slider  is  again  shut,  before  that  slider  on 
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which  the  fluid  is  pressing  begins  to  move ;  so  that^  Wheii 
the  first  slider,  against  which  the  water  or  fluid  is  still 
pressings  is  opened,  the  pressure  is  then  the  same  between 
the  other  slider  and  the  wing  or  fan  E;  and  the  spent 
fluid  between  the  two  sliders  immediately  rushes  through 
the  lower  aperture  into  the  bottom  of  the  cylinder  A,  and 
is  carried  off  in  that  way  to  the  open  air :  thus  a  uniform 
rotation  will  be  maintained,  as  in  the  former  example.* 

This  engine  is  remarkable  for  simplicity;  and  if  a 
met^jillic  packing  had  been  at  that  time  known,  it  might 
have  approximated  to  a  useful  rotative  engine.  As  it 
was,  it  would  be  impossible  to  make  hempen  packing  pflss 
over  the  grooves  for  the  sliders,  without  being  speedily 
torn  out ;  and  also  it  would  be  yery  difficult,  if  not 
absolutely  impossible,  to  keep  the  sliders  H  against  the 
internal  cylinder  A,  as  at  each  ^stroke  the  sliders  would 
rebound  from  it ;  and  not  being  kept  close  by  the  force  of 
the  steam,  as  in  many  rotative  engines,  would  soon  become 
loose  at  thc(  joints,  and  thereby  j^nefective,. 

The  following  diagram  represents  another  method  by 
w.bicl^  Messrs.  Dramah  and  Dickinson  purposed'  to  obtain 
a.  rotative  motion.  A  is  a  smaller .  wh^l  or  cylinder, 
armed  with  crpss  sliders,  fixed  in  a  .Ifur^er  one  B|  but, 
instead  of  its  axis  being  stationed  Jn.  the  centrf\  of  B,  as 
ifk  the  previous  instances,  it  is  mov^d  aa  i^iich  eccentric  aa 
to  cause  the  periphery  of  A  to  ruV  against  the  side  of  B, 
aa  at  C;  this  causes  the  channel  or  groove  D  D  D,  to  be 
formed  of  the  shape  which  appears  in  the  figure.  The 
inner  surface  of  the  wheel  or  ring  B  is  not  perfectly  cylin- 
di^ical,  but  is  a  curve  of  such  a  shape  as  would.be  described 
by  the  points.of  the  sliders  E  F  being  of  equal  length  in 
the  revolution  of  the  wheel  A ;  or,  in  other  words,  of 
such  a  shape  as  would  occasion  all  the  four  points  of  the 
said  sliders:  to  be  in  constant  contapt  therewith.  The 
dotted  lines  6  G  show  two  grooves  or  cavitie^  through 
which  the  water,  steam,  or  other  fluid,  contained  between 
the  point  C  and  either  of  tjhe  apertures  of  the  pipes  H  and 
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I,  passes  into  eiUier  of  the  saidtpipes ;  wbjch  w»ier,fiteaiD, 
or  other  fluid,  would  otherwise  be  pinned  up  by  the  slider. 
and  stop  the  molion  of  the  machine  when  turned  in  either 
direction.*.. 


(Bramak  and  Dickiiuon's  Engine.    1790.) 

This  machine  would  be  liable  to  the  same  objections  m 
the  6rst.  On  the  whole,  these  contrivances  display  great 
ingenuity,  and  may  be  Justly  considered  to  rank  as  highaa 
any  that  have  since  been  proposed ;  indeed,  there  are  few 
rotative  engines  which  do  not,  in  principle,  somewhat 
resemble  these ;  therefore  we  conclude  that,  had  the 
genius  of  the  inventor  or  inventors  been  exercised  when 
mechanical  experience  had  been  more  advanced,  they 
might  in  all  probability  have  effected  that,  which  is  so 
great  a  desideratum  among  modem  engineers. 

Mr.  James  Sadler,  of  Oxford,  in  1791,  obtained  a  patent 
for  a  rotative  engine,  which  the  following  drawing  and 
description  may  serve  to  illustrate.  The  steam  generated 
in  the  boiler  is  conveyed  through  the  pipe  c,  into  the 
spindle  or  axis  oifttie  rotative  cylinders  64  which  is  mads 
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fteam-ti^t  b^  working  in  a  stuffing-box.  The  steam 
pBssefl  along  the  arms  of  the  revolving  cylinder,  nearly  to' 
its  ends,  where  it  meets  a  jet  of  cold  water,  introduced 
from  the  hollow  axis  by  the  small  pipe  xxj  this  conden- 
sing water  falls  from  the  revolving  cylinder  into  the  bot- 
tom of  the  case,  whence  it  is  conveyed  through  a  pipe,  and 
is  discharged  by  openings  made  in  the  ends  or  sides  of 
another  cylinder,  moveable  in  a  horizontal  direction, 
giving  it  a  rotatory  movement,  in  the  same  manner  as 
Barker's  mill.  -  The  jet  of  cold  water,  from  thfe  pipes  x  x, 
having  Goadensed  the  steam,  produces  a  reaction,  and  the 
cylinder  a  b  acquires  a  rotative  movement  The  inner 
case  is  steam-tight ;  and  the  outer  case  serves  the  same 
purpose  with  the  jacket  in  the  reciprocating  engines. 
Another  mode  of  action  is  suggested  by  Mr.  Sadler  to  be 
had  by  filling  the  case  (in  which  the  arms  revolve)  with 
steam,  which  woold  cause  them  to  revolve  by  the  pressure 
it  would  produce  in  being  condensed  in  entering  the  arma. 


(Sadler'9  BigiM.    1791.J 


This  engine  is  Hero's  in  another  form,  and,  like  it,  an 
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The  Rev.  Edward  Cartwright*s  scheme,  for  which  he 
obtained  a  patent  in  1797,  was  very  ingenious  His  object 
was  to  procure  a  tight  piston,  and  a  condenser  in  which 
the  steam  was  exposed  to  a  large  surface  of  water. 

The  condensation  is  effected  by  two  metal  cylinders, 
placed  one  within  the  other,  and  having  cold  water 
flowing  through  the  inner  one,  and  inclosing  the  outer 
one.  Tfaiis  the  steam  is  exposed  to  the  greatest  possible 
surface  in  a  thin  sheet.  Mr.  Cartwright  likewise  has  a 
valve  in  the  piston,  by  which  a  constant  communication  is 
kept  up  between  the  cylinder  and  condenser,  on  either  side, 
of  the  piston ;  so  that  any  steam  improperly  entering  the 
cylinder,  is  instantly  exposed  to  the  condenser,  whether  in 
the  ascending  or  descending  stroke.  By  this  contrivance, 
steam  that  may  escape  past  the  piston  will  be  immediately 
condensed,  and  the  vacuum  thereby  preserved.  This  was 
considered  to  be  a.  decided  advantage  over  the  general 
mode  of  arranging  the  valves,  which  does  not  always  pro* 
vide  for  the  restoration  of  a  vacuum  destroyed  by  the 
imperfection  of  the  packing. 

^'In  the  following  figure,  the  piston  b  moving  in  thecylin* 
der  a,  has  its. rod  prolonged  downwards ;  another  piston  d 
is  attached  to  it,  moving  in  the  cylinder  c,  and  which  may 
be  also  considered  as  a  prolongation  of  the  steam  cylinder. 
The  steam  cylinder  is  attached  by  the  pipe  g  to  the  con- 
denser, placed  in  cold  water,  formed  of  two  concentric 
circular  vessels,  between  which  the  steam  is  admitted  in  a 
thin  sheet,  and  is  condensed  by  coming  in  contact  with  the 
cold  sides  of  the  condensing  vessel.  The  water  of  con- 
densation falls  into  the  pipe  e.  To  the  bottom  of  the 
cylinder  t,  a  pipe  m  is  carried  into  a  box  n,  having  a  float- 
ball  o,  which  opens  and  shuts  the  valve  p,  communicating 
with  the  atmosphere:  a  pipe  q  is  also  fitted  to  the  box. 
There  is  a  valve  placed  at  t,  opening  into  the  cylinder  6 ; 
another  at  n,  also  opening  upwards.  The  pipe  s  conveys 
steam  from  the  boiler  into  the  cylinder,  which  may  be  shut 
by  the  fall  of  the  clack  r.  Jr  is  a  valve  made  in  the  pis- 
ton 6. 

^  In  the  figure,  the  piston  6  is  shown  as  descending  by 


iticiiT'e  KitGiite. 


(Cariwrigkt's  Emgine.    1797.) 

\he  elasticity  of  the  steam  flowing  from  the  boiler  through 
*;  the  piston  d,  being  attached  to  the  same  rod,  is  also 
descending.  When  the  piston  b  reaches  the  bottom  of  the 
cylinder  a,  the  tail  or  spindle  of  the  valve  k  being  pressed 
upwards,  opens  the  valve,  and  forms  a  communicatioD 
betwefeD  the  upper  side  of  the  piston  and  the  condenser ; 
at  the  same  moment  the  valve  r  is  pressed  into  its  seat  by 


fhe  desient  of  the  crosi  airin  on  4bd  ficftob,'  wiiiehipreTeB& 
the  further  admiasion  of  6team  IWhh  llie  boiler  'y  tUsaUowa 
the  pid ton  to*  be  drawn  up  to  thelop^df  theeyliAd^r,  by 
the  momdhhim  of  the  fly-Wheet  «,  In  ^  'HMwresiitiBg' 
medium.    The  piston  d  is  also  drawti^  op  to  the  top*  oi, c, 
and  the  ralve  t  is' raised  by  the  'eondensed  water  and  air/ 
which  hiiTe  aceumtrlated  in  ey  and  in  the  condenser  g. :  At 
th^  hiomcfntwhen  the  piston  ^bas-  neacbed  >the  top  of.  the 
cylinder,  the  T&lve  it  is  p¥6§^1litaits-i^ace  by  tbepinor 
tail  striking^  the  cylinder  cover ;  and  at'tfase  san^^iiiieibtf 
piston  b  striking  the  tail  of  the  valve  r,  opens  it;  a  com- 
munication is  again  established  between  the  boiler  and 
piston,  and  it  is  forced  to  the  bottom  as  before.    By  the 
descent  of  the  pistdn  d,  the  water  and  air  which  were 
under  it  in  the  cylinder  c^  beiiig  preveht^d  from  returning 
into  the  condensing  cylinder  by  the  valve  under  i,  are 
driven  up  the  pipe  fUj  in  the  box  n^  and  are  conveyed  into 
the  boiler  again  through  the-pipe  q.    The  air  rises  above 
the  water  in  a,  and  when,  by  its  accamulation,  its  pressure 
is  increased,  ft  presses %h^  float o  downwards;  this  opens 
the  valve p,  and  allows  it  to  escape  into  the  atmosphere/* 
ThisiHiibst  ingettlouS  ttmehine,  it  appears,  was  tried' fil^t 
at  pieteland  Street,  Mary-^le-bonne,  and  afterwards  ati 
Horsleydown,  at  both  of  which  places  it  is  said  to  have, 
given  great  satisfaction.    These  trials  must  have  been 
much  more  decisive  than  any  opinion ;  and  although,  we 
have  not  been  able  to  ascertain  further  respecting  the 
Success  of  the  engines  when  put  in  practice,  than  the 
simple  fkct"of  their  having  been  approved  of  by  the 
respective  proprietors,  our  own  judgment  warrants  a  con« 
du8i6n,'that'tfais'plan  is  admirably  adapted  to  be  applied 
^here  a  small  engine  ia  neces8ai7*  The  mode  of  condensa* 
bion  adopted  by  Mn  Gartwright  was  considered  to  be 
liable  to  great  objection  previously  to  experiment;  somnch 
so,  that  one  of  the  greatest  engineers  this  country  evei 
produced,  was  beard  testate  it  as  his  opinion,  that  ^^were 
a  pipe  to  be  laid  across  the  Thames,  the  condensation 
Would  not  be  quick  enough  to  work  a  steam  engine  with 
its  full  effect."     It  was  sho^n,  however,  when  tried^  that 
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this  opinion  wu  inoorreet,  m  the  condenntioa  was  verjL 
rmpid,  and  the  vaenom  tolerably  i^ood. 

Not  the  leaat  ingeniotu  part  of  Mr.  Cartwrigbt's  patent 
was  the  nt^tallic  piston^  which  has  been  of  late  years  very 
generally  used.  Tbongh  this  kind  of  piston  is  now  some- 
what differently  modified  from  his,  yet  he  is  entitled  to  the 
merit  of  having  first  introduced  it  into  use.  It  has  been 
found  to  answer  extremely  well,  and  frequently  works  for 
years  without  needing  any  attention,  and  merely  requiring 
to  be  kept  well  greased. 


iCartwrigkt's  PuUm.    1797.) 

Mr.  Cartwright's  consists  of  two  rings  of  bran,  of  the 
fall  siee  of  the  cylinder,  which  are  cut  into  segments  as 
shewn  at  III,  and  laid  one  above  the  other,  so  as  to 
break  joint.  The  joints,  therefore,  in  the  under  ring  are 
shewn  by  dotted  lines  in  the  figure;  and  beingthus  disposed, 
the  two  rings  are  secured  in  their  places  by  a  top  and  bot- 
tom plate,  to  which  the  piston  rod  is  fixed.  The  segments 
are  pushed  against  the  cylinder  by  steel  springs,  shewn 
at  n  n. 

A  rotative  engine  is  also  described  in  this  specification; 
but  we  apprehend  that  practical  difficulties  would  prevent 
its  being  ever  carried  into  execution.  The  axis  D  in  the 
following  cut  is  fixed  in  an  internal  drum  or  cylinder,  lo  the 
periphery  of  which  are  attached  the  three  pistons  H  H  II, 
which  entirely  fill  the  channel  formed  between  the  interior 
and  exterior  cylinders ;  dd  are  two  valves  or  flaps,  which, 
when  shut  into  the  cavities,  form  a  portion  of  the  exterior 
cylinder,  but  when  open  (as  drawn)  serve  as  a  butment  lo  re- 


nABTWRIflHT^g  SOTAflTE  BMGIXE.'  tl9 

eeire  the  action  of  the  steam,  which  being  introduced  froni 
the  boiler  through  the  pipe  E,  and  conaequently  between 
the  open  flap  d^  and  one  of  the  pistons  H,  when  the  same 
piston  has  paased  the  lower  flap  d,  it  also  opens  and  re* 
ceives  the  action  of  the  steam,  which  enters  through  G,  so 
that  the  flaps  may  at  all  times  relieTe  each  other,  withont 
interrupting  the  operation.  Mr.  Cartwright  does  not 
describe  how  these  pistons  and  valves  are  to  be  made,  or, 
being  made,  how  they  are  to  be  kept  tight  Two  methods 
only  are  known,  namely,  hempen  or  metallic  packing ;  the 
first  would  be  soon  destroyed  by  the  holes  in  the  sides  of 
the  exterior  cylinders,  formed  for  a  communication  with 
the  boiler  and  condenser,  by  means  of  the  pipes  E  F  G, 
and  metallic  packing  would  here  require  too  much  nicety 
and  expense  to  be  generally  useful.  But  this  is  not  all ; 
the  friction  of  the  interior  drum  would  lar  exceed  that  of 
the  common  engine,  which  it  was  intended  to  supersede ; 
and  the  flaps,  d  d,  would  be  liable  to  knock  themselves  to 
pieces  by  the  frequent  striking  against  the  drum,  as  they 
are  thrown  forward  by  the  external  machinery. 
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^  pi^teot  W99  obUinfid.  in  17^)  di8p)i|yi|  niHchi  ingcunui^, 
The:  v6«bqL  io  whicbttbe  strain,  operates  consists  pf  i| 
hollow,  cylinder,  cofuppsedp  of  ti^o  unequ^  pf^fts^.  th^ 
smaller  section  of  wbicb>  is  screwed  off  and  o%  for  th^pi^r*^ 
pose  of  rectifying  and  repairing  the  int^^n^J.atruqturef 
These  parts  are. cast jseparate^  and  then  8crewe4. together, 
fijrm  and,  close,  by  means  of  flanches.  They  ai;^  tbi^n 
co^reredi  with  lids  turned  ajtsp  true,  and  form  a. figure 
req^mbling  a  drii;i|p  A  Z  iM^e  two  tub^  wjiic|i.  pa^ 
through  the  centir^l  openings,  ii^  the.  lids  of  <he  4^1x9^ 
meetiag  each  otb^r  a^t  B.  a  6  cd,  are  the  interior,  limitf 
pf  those  tubes,  on  the  ifmi4^  of  tbie  d^UJ%  which  are.  coi^« 
i^ideffably  largei^  than-  at  A  Z  in  their-  diameters  y  the  use  of 
wbiiE^h  isi,  that,  there  sh^ll  be  a  proper  cavity  at  efg  hj^  to 
receiire  a  packing  of  tow  and.  grease,  or  any  othjer  mat^^ 
f  tab  answering  the  purpose,  beti^eea  that  par ticulajr*  part 
and  the  end  of  tbe  drum ;  and  also  tho  frames,  of  thQ  dia? 
iphragms  C  C^  may  have  the  firm^f  holding,  to,  the  hoUqw 
axles  or  tubes,  at  9>  D»  li^aviiig  the  partem  of  the  diaphragn^ 
pendent  at  i  k.  The  dotted  lines  show  the  interior  limits 
of  the  drum,  when.  t}ie  diaphragms  are  in  their  places ; 
between  which  and.  the  extremities  of  the  diaphragms 
there  is  a  proper  rabbet  to  receive  the  packing,  and  be- 
tween the  pendi^nt  part  of  the  diaphragms  and  the  central 
hollow  tube  about  which  it  revolvest  This  rabbet  is 
formed  by  means  of  plates  of  metal,  screnid^  on  to  the 
frame  of  the  diaphragms,  having  their  ed|^  nearly  in 
contact  with  the  inner  surfkoe  of  the  drum^  s^nd  will  be 
found  accepsible  to  repair  or  renew  the  packing^  when  the 
pannel  which  constitutes  a  part  of  the  druni  |b  removed. 
The  parts'^/9  h  may  also  be  repaired  at  the  sf  me  time,  by 
means  of  removing  two  screws  at  each  ead  of  the  hollow 
tube.  The  diaphragms  (which  are  here  standing  in  oppo* 
bite  directions)  may  tiierefore  freely  revolve  the  one  after 
the  other,  or  one  may  mov^  wbilst  th6  other  remains  sta- 
tionary. The  tubes  to  which  they  are  attached  will  have 
their  concentricity  preserved  by  means  pf  the  solid  axle 
within  the  hollow  one  at  E,  fig.  S,  Which  is  fii^d  to  the 
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end  of  the  tube  Z,  and  passes  cloeely  through  a  hole  in 
the  end  of  the  tube  A,  till  it  reachea  the  extremity; 
where,  by  means  of  a  second  collar,  its  central  position  is 
critically  maintained.  The  two  diaphragms  are  hollow 
within,  aod  bold  communication  with  the  cavities  of  their 
renpedive  tubes  which  compose  the  hollow  axes;  and 
these  communications  are  made  by  oblong  openings  where 
the  diaphragms  and  tube  are  connected  at  D  D. 

(FIG.  1.)  (FIG.  2L) 
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The  diat)hragnis  are.  eompleted  wben  the  plates  axe 
screwed  on ;  in  these  plates  are  fixed  two  valves  G,  oppo** 
site  to.  which  are  two  others,  one  in  each  diaphragm.,  so 
corresponding,  that  at  the  opening. of  one  the  other  is 
closisd,  and  i^tce  verm*  These  valves  are  balanced  and 
held  in.  trunnions,,  so.  that,  in  every  situation  of  the  dia« 
phrdgms,  they  may  uiiifortnly.  obey  the  impulse  by  which 
they  are  opened  and  shut ;  the  manner,  in  which  that  is 
effected  is  as  follows : — the  two  diaphragms  widen  towards 
their  extremities  in  the  manner  of  radii,  (see  fig.  S,)  and 
may  therefore  be  brought  into  sufficient  contact  to  force 
open  the  valves  by  means  of  prominences  on  them  for  the 
purpose. 

To  explain  the  manner  in  which  the  diaphragms  are 
wrought  upon,  when  in  their  proper  place,  let  fig.  2.  re- 
present one  end  of  the  hollow  cylinder  or  drum,  and  tho 
central  circles  exhibit  the  hollow  tubes  or  axles  already 
explained.  The  two  diverging  parts  are  the  ends  of  the 
diaphragms,  and  are  packed  as  before  mentioned;  now, 
these  diaphragms  are  hollow  within,  and  if  we  consider  one 
of  them  to  be  constantly  supplied  with  steam  by  means  of 
the  hollow  tube  to  which  it  is  connected,  and  the  other 
continually  holding  communication  with  the  condensing 
water,  the  consequence  will  be,  when  steam  is  admitted 
through  a  valve  into  the  lesser  apartment  of  the  drum,  and 
another  valve  opens  from  the  empty  diaphragms  into  the 
larger  apartment,  that  the  diaphragms  will  recede  from 
each  other,  with  all  the  forcie  of  the  steam  between  them ; 
but  if,  by  proper  prevention,  they  cah  tnote  only  in  one 
direction,  it  is  plain  that  the  one  will  remain  stationary  till 
overtaken  by  the  other;  their  junction  will  then  shift  the 
valves  into  contrary  positions  by  means  of  the  prominent 
parts  in  them  for  that  purpose,  and  the  apartment,  before 
filled  with  steam,  instantly  becoming  empty,  the  dia- 
phragm which  was  before  stationary  now  becomes  active, 
and  the  momentum  of  the  fbrmer  niay,  in  effect,  be  consi- 
dered as  transferred  to  the  latter.  There  being,  therefore, 
in  these  parts  of  the  machine,  a  continual  motion,  by 
rapidly '  succeeding  each  other  in   a  circular  direction, 
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their  respective  axles  on  which  they  turn,-  and  which 
communicate  motion  to  other  machinery  without  the 
drum,  are  influenced  in  the  same  manner,  atgreeably  to  the 
main  principles  herein  primarily  set  forth. 

In  order  that  the  steam  shall  have:  a  power  of  turning 
the  diaphragms  only  in  one  direction,  let  fig.  1.  represent 
one  of  the  lids  of  the  drum,  having  the  side  that  is  faced 
true  on  the  opposite  direction  to  that  exhibited  in  the 
drawing ;  in  this  is  a  circular  channel,  6  O,  and  a  pro* 
jecting  ring  P,  which  serves  as  a  perpetual  fulcrum  to 
support  the  two  levers,  C,  D,  that  occasionally  revolvi^ 
in  the  channel,  and  act  as  detents.  The  outer  boundary 
of  the  channel  also  acts  as  a  fulcrum  to  the  extremity  of 
the  two  levers  at  their  thick  ends ;  so  that,  when  they  ar^ 
acted  upon,  from  their  connexion  with  the  .axles  turniag 
them  ta  the  right  hand,  by  means  of  a  strong  cpU^ir  1S» 
there  will  be  no  impediment  to  their  freely  revolving  ii| 
the  circular  channel ;  bnt^  when  the  axles  strain  iippn 
the  small  ends  of  the  levers  in  a  contrary  dir^ctioq,  they 
instantly  become  fixed  ^o  firmly  between  the  two  bounda- 
ries of  the  channel,  as  effectually  to  resist  the  whole  fqrc^ 
of  the  machine.  To  provide  against  the  le^st  retrograde 
motion  whatever,  when  the  levers  may  be  partly  lypTP 
from  frix^tion,  they  are  furnished  with  springs  betwjBen 
them  and  the  outer  extremity  of  the  channel,  so  tba^  tt|^ 
two  bearing  poiiits  may  at  \es^i  touch  their  respectiye 
fulcrums.* 

In  this  specification,  the  niethpd  by  which  a  continuous 
circular  motion  is  obtained,  by  the  alternate  action  of  the 
diap|iragms,  is  not  shown.  Thm  ^^y  be  obtained  by  an 
apparatus  simihtr  to  that  reptes^n^i&d  at  fig.  l.^  or  by  pulls 
attached  to  the  outer  end  of  the  shaft  aii4  tube,  ficting 
upon  a  ratchet,  which  is  fixed  to*  t|ie  fly-irheel  shaft;  m 
the  latti^r  case,  the  palls  would  successively  take  hold  of 
the  ratchet  as  the  other  had  ceased  jto  act,  and  turn  round 
the  fly  wheel,  whilst  the  stationary  are  held  fifrmly  by  the 
apparatus  (fig.  1.)  at  the  other  end  of  thp  drfim. 

The  objection  to  this  machipe  appears  to  be  that  the 
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two  di4pliragin8  c  would  soon  destroy  €ftch  other;  for 
whilst  me  remaiDed  stationary,  the  other,  having  no 
check,  would  strike.forcibly  against  it ;  now,  to  retard  this 
check  would  be  to  produce  an  irregular  motion ;  because  b9 
the  motion  is  communicated  directly  to  the  external  ma- 
chinery, any  decrease  in  the  speed  of  the  diaphragm  would 
also  produce  a  decrease  of  speed  in  the  machine  through* 
out ;  and  if  the  speed  of  the  diaphragm  be  kept  up,  it 
would  strike  violently  against  that  one  which  is  at  rest. 

Mr.  Matthew  Murray,  of  JLieeds,  a  gentleman  whose 
name  will  be  fSeuniliar  to  most  of  our  readers  as  a  steam 
engine  manp&cturer  of  celebrity,  obtained  a  patent,  in 
1799,  for  saving  fuel  and  lessening  the  expense  of  engines. 
He  proposed  to  effect  the  first  object,  by  having  a  small 
cylinder  upon  the  boiler,  to  which  he  fitted  a  piston  and 
rack:  this  rack  worked  a  wheel  upon  a  spindle,  which 
spindle  passed  through  the  chimney,  where  was  a  damper^ 
which  had  firee  liberty  to  turn  round.  As  the  steam 
increased  in  the  boiler  beyond  the  necessary  force, .  it 
forced  up  this  piston  and  rack^  which  acting  upon  the 
spindle,  closed  or  partially  closed  the  damper,  and  thereby 
lessened  the  draught  of  the  fire^  by  which  the  consumption 
of  the  coal'' was  reduced,  until  the  superfluous  steam  was 
wrought  out  of  the  boiler,  when  a  weight,  which  had  been 
wound  up  by  the  rise  of  the  piston,  descended,  and  allowed 
the  damper  to  return  to  its  former  position. 

The  other  object,  namely,  decrease  x>f  cost,  we  will  give 
in  the  words  of  the  specification.  ^<  I  cause  the  steam  or 
atmosphere  to  act  upon  pistons  moving  in  long  pipes  or 
cylinders,  lying  iti  a  horizontal  direction.  These  pipes 
may  be  square  or  round,  and  of  any  length  required,  but 
must  lie  in  a  horizontal  direction,  which  is  the  principle 
here  stated.  By  'which  contrivance,  a  more  convenient 
motion  can  be  applied  to  mill  work,  and  a  much  longer  | 

stroke  can  be  obtained  than  in  the  usual  way. 

^^  Next,  I  cause  the  pistons  moving  in  the  above  pipes 
or  cylinders,  by  their  reciprocating  motion^  to  produce  a 
(Circular  or  rotative  motion  of  equal  power,  by  means  of 
screws,  racks,  and  wheels,  applied  in  such  a  manner  as  to 
cause  the  power  of  the  engine  to  fix  alternately  the  wheels 
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peceaaary  for  producing  motion,  in  perpendicular  or  hori- 
Bont&l  dirvctioOB." 
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Pigs.  1.  and  9.  are  two  horizontal  cylind^rs^  containing 
pistons;  M  M  the  piston  rods.  Figs.  11,  ialets  for  the 
steam  from  the  boiler  and  atmosphere ;  S  S,  outlets  for  the 
condensed  steam  or  atmosphere ;  N,  a  roller  for  bearing 
the  piston.  These  pipes  or  cylinders  must  t>e  firmly 
fixed  down  to  a  stone  platform,  or  iron  cistern,  or  any 
kind  of  firm  and  secure  fixing. 

O  (fig.  1.  and  2.)  is  a  rack,  fixed  to  the  piston  rod  M, 
and  moving  upon  the  roller  P ;  Q  is  a  socket  whpel  with 
teeth,  working  in  the  rack  O ;  the  inside  of  the  socket 
wheel  Q  is  screwed  to  fit  the  middle  of  the  axletree ;  R  1, 
and  R  2,  (fig.  1.)  are  plain  wheels,  put  loose  on  the  square 
of  the  axletree ;  at  S  I  and  S  2  are  tooth  wheels,  put 
loose  upon  the  nnini  part  of  the  axletree.  T  T  are  pfain 
wheels,  acting  as  abutments,  put  fast  upon  the  axletree. 
On  an  axletree  or  rotative  shaft,  for  giving  motion  to  the 
mill  work,  are  fixed  the  wheels  Y  and  W ;  X  a  sipall  fly 
wheel,  for  regulating  the  motion. 

Now  the  effect  or  motion  q(  this  machine  is,  that  when 
the  piston,  and  piston  rod,  and  rack  O,  are  impelled  by  the 
steam  or  atmosphiere  in  the  direction  of  the  arrow,  the 
socket  wheel  Q,  turns  upon  the  screwed  part  of  the  axle- 
tree,  aud  with  its  ends  presses  (by  the  force  or  power  of 
the  engine)  the  loose  wheel  S  1  between  the  wheels  R  and 
T,  by  which  means,  the  wheel  V  is  turned  with  the  same 
velocity  as  the  screwed  wheel  Q,  while  the  wheel  S  S  is  at 
liberty  upon  the  axle ;  in  which  situation  the  whole  con- 
tinues, till  the  piston  arrives  at  the  end  of  the  long  pipe 
or  cylinder.  When  the  piston  is  changing  motion  and  going 
in  the  contrary  direction  to  the  arrow,  the  rack  O  turns 
the  wheel  Q  in  the  opposite  direction,  sets  at  liberty,  by 
the  former  means,  the  wheel  S  1,  and  fastens  the  wheel 
S  2,  which  gives  the  same  motion  to  the  wheel  W,  by 
means  of  the  intermediate  wheel  B.* 

Nearly  the  same  objections  may  be  urged  against  this 
method  of  getting  a  revolving  motion,  as  have  been  stated 
to  exi^t  against   Mr.  Hornb^piirer^s    revolving    engine ; 
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mimelf,  that  the  tnetioh  of  the  pirtoa  auit  be  iiniforin 
tbrougboilt,  Beciii8b«ay  decreaie  in  the  apeed  af  tbe  pta- 
toD  must  also  decredse  the  speed  of  the.fly,  wheel*  There- 
fore, as  the  motioDL  of  the  fly  wheel  most  >iiecesnt-ily  ba 
uniforalf  it  foUbwsjthat  the  sudden  revcraion  oC  tlie  Btroke 
of  the  Instoa  nliut  cause  a  violent  shock  to  the  whole 
machine. 


iMwrdocVt  &tgku.    179tt.) 

Mr.  W.  Mdrdock^  of  Redruth,  Id  Cornwall^  obtMntd  a 
patent  in  1799,  for  a  better  method  of  boring  fcylioders,' 
and  for  casting  the  steam  case  of  i Watt's  <  engine  in  doe 
entire  piece,  to  which  the  top  and  bottom  vf  the  eylindei 
are  attached.  Hb  aUo  proposed  to  cast  Ibe  cylinder  and 
Bteam  ease  of  one  piece  of  considerable  thicknos,  and  Aot« 
a  "  cyUndric  itUtnticeV  bUwekm  the  cose  and  cyUndcr;.' 
teaving  them  attached  at  one  end!!!  In  another  part,  he 
proposes  to  simplify  tbb  construction  of  the  valves  of  the 
condensing  engine,  by  eonnbcting  the  upper  and  lower' 
valves  so  as  to  work  with  one  spindle  or  rod ;  the  rdd  ' 
which  connects  them  being  tubular,  answers  as  an  educ- 
tion pipe  to  the  upper  end  of  the  cylinder. 
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I  But  the  most  notably  invention  here  described  is  a  rotfiA 
tive  engine,  which  consists  of  two  toothed  wheels  working 
into  each  other,  and  fitted  into  a  double  case,  resembling 
two  cylinders  with  a  serment  cat  off  each,  a  b  (ipnge  127) 
are  the  two  axes  upon  which  the  two  wheeb  D  D  are 
fixedk  The  teeth  are  supposed  to  be  packed  at  the  parts 
in  contact  with  the  exterior  cylinder*  The  teeth  which 
are  in  contact  are  so  fitted  as  to  prevent  any  escape  in  that 
direction.  Steam  being  introduced  at  the  pipe  Zy  a  rota- 
tive motion  would  be  produced;  but  the  construction 
would  be  so  defective,  and  the  friction  so  great,  as  totally 
to  prevent  its  ever  answering  in  practice.  At  the  same 
time  we  Ought  to  correct  an  erroneous  opinion  which 
many  have  formed  respecting  this  machine,  namely,  that  it 
would  not  move  at  all ;  it  being  thought,  that  as  the  surface 
of  the  teeth  e€  is  as  great  as  that  of ff^  consequently  there 
would  be  as  great  a  tendency  to  turn  one  way  as  another, 
and  therefore  no  motion  would  be  produced.  But  it  will 
be  seen  that  as  the  teeth  e  e,  though  individually  of  equal 
superficies  with  ffy  overlap  each  other,  the  surface  pre- 
sented to  the  action  of  the  steam  is  only  equal  to  one 
tooth,  therefore  the  effect  of  the  steam  (without  calculat- 
ing friction)  would  be  one  half  of  the  real  force. 

The  next  invention  we  have  to  describe,  will  conclude 
our  account  of  every  modification  of  the  steam  engine, 
possessing  genuine  merit,  with  which  our  researches  have 
enabled  us  to  become^  acquainted,  up  to  the  end  of  the 
eighteenth  century. 

In  the  year  1800,  Mr.  Phineas  Crowther,  of  Newcastle 
upon  Tyne,  obtained  a  patent  for  a  method  of  dispensing 
with  the  beam  of  reciprocating  engines,  by  placing  the  fly 
wheel  immediately  above  the  piston,  a  represents  the 
cylinder ;  5  b  the  parallel  motion ;  and  c  the  connecting 
rod*  The  principle  will  be  seen  by  a  slight  inspection  of 
the  annexed  drawing,  without  further  explanation.  Mr*. 
Crowther  constructed  several  good  engines  on  this  plan^ 
which  were  found  to  succeed  very  well* 
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The  Rev.  Edward  Cartwright  obtained  a  patent  for  a 
Portable  Engine,  in  1801,  of  which  the  following  is  a 
description. 

It  consists,  first,  in  so  disposing  the  different  parts  of  the 
stoam  engine,  as  that  the  boiler,  the  cylinder,  the  fly 
Irheel,  and  all  the  moving  parts  of  the  engine,  shall  be 
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embraced  by,  comprehended  within,  or  attached  to  a  fram« 
erected  upon  the  boiler,  and  so  connected  together  as  to 
make  one  whole  or  perfect  machine ;  so  compact  as  to  be 
easily  portable;  and  requiring  no  further  trouble  and 
expense,  after  it  is  finished  at  the  manufactory,  than  to 
place  it  upon  the  fire,  when  it  will  be  immediately  ready 
for  the  office  for  which  it  is  intended ;  for  this  purpose,  it 
will  be  most  convenient  to  make  the  boiler  oblong,  and 
straight-sided,  with  a  flat  top,  placing  the  cylinder  within 
the  boiler;  a  position  which  has,  indeed,  been  already 
adopted  by  others,  though  for  a  different  purpose.  The 
frame  extends  lengthways  on  the  sides  of  the  boiler,  and 
may  project  a  little  beyond  that  end  of  the  boiler, where  are 
fixed  the  air-pump  and  condenser.  To  the  part  of  the 
frame  so  projecting,  the  air-pump  and  condenser  may  be 
attached  or  suspended.  Across  the  frame  is  an  axle,  with 
a  pulley  upon  it,  round  which  goes  a  chain  or  strap,  to  the 
top  of  the  piston  rod.  Upon  this  axb  is  a  crank,  front 
which  goes  a  connecting  rod  to  a  lever,  lying  horizontally 
on  the  top  of,  or  alongside  the  boiler.  Besides  the  axis 
above-mentioned,  there  is  another  axis  lying  across,  either 
immediately  above  or  below,  or  on  one  side,  of  the  former 
one.  Upon  this  axis,  which  is  the  axis  of  the  fly  wheel,  is 
a  crank,  from  which  goes  a  connecting  rod  to  the  same 
lever  that  was  spoken  of  before. 

Now  it  is  evident,  that  when  the  palley  is  put  in  motion 
by  the  action  of  the  piston,  the  crank  upon  its  axis  will 
move  the  crank  upon  the  axis  of  the  fly  wheel,  as  they  are 
both  connected  to  the  same  lever.  If,  therefore,  the  pulley 
be  made  to  move  in  a  direction  from  A  to  B,  (see  fig.  !•> 
and  back  again,  by  the  action  of  the  piston,  and  its  coun- 
terweight ;  and  if  the  crank  upon  its  axis  move  in  the 
same  direction  likewise,  the  crank  upon  the  axis  of  the  fly 
wheel  will  also  do  the  same,  unless  it  be  made,  as  it  must 
be,  of  such  a  determinate  length  as  that,  when  it  reaches 
the  extremity  of  its  motion,  it  can  pass  forwards ;  in  that 
case,  a  rotatory  motion  is  produced  on  the  fly  wheel. 
Again,  if  the  crank  upon  the  axis  of  the  pulley  be  so  dis* 
posed,  as  that  when  the  pulley  moves  from  A  to  B,  or 
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through  any  apBce  not  exceeding  a  complete  revolution, 
(see  fig.  2.)  the  crank  shall  pasa  Troni  C  to  E,  through  D, 
or  in  that  direction,  according  to  the  space  through  which 
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any  given  point  of  the  pulley  paasee  the  crank,  will  give 
two  vibrations  to  the  lever  for  one  stroke  of  the  engine, 
which  will  give  two  revolutions  of  the  fly  wheel  in  the 
same  time.  Again,  if  the  diameter  of  the  pulley  be  so 
reduced,  as  that  the  stroke  of  the  engine  shall  make  the 
pulley  revolve  once  and  ft  half  round  and  back  again,  the 
crank  will  occasion  the  lever  to  vibrate  three  times  for 
every  stroke  of  the  engine.  Again,  if  the  diameter  of  the 
pulley  be  so  reduced  as  that  it  shall  make  two  complete 
revolutions,  and  back  again,  for  one  stroke  of  the  engine, 
in  that  case,  the  crank  will  give  four  vibrations  to  the  lever 
for  one  stroke  of  the  engine,  and  the  fly  wheel  will  revolve 
four  times.  By  this  invention  the  fly  wheel  may  be  made 
to  run  with  any  requisite  velocity,  without  the  interven- 
tion of  any  kind  of  wheel-work. 

Secondly.  For  the  purpose  of  lessening  the  waste  of 
power,  and  regulating  the  velocity  of  the  engine,  instead 
of  making  the  governor  act  upon  the  throttle  valve,  by 
causing  it  to  give  motion  to  a  wedge,  sliding  at  liberty 
backwards  and  forwards,  under  the  weight  which  keeps 
the  steam  valve  open.  If  in  any  particular  case  it  should 
be  thought  convenient  to  have  the  flywheel  below,  its 
axis  must  be  placed  underneath  the  lef  er,  connecting  it  to 
the  lever  by  a  rod  as  before. 

Thirdly.  When  a  reciprocating  motion  is  required 
horizontally,  the  connecting  rod  of  either  crank  is  ex- 
tended as  far  below  the  lever  as  may  be  necessary,  and  at 
the  bottom ;  that  which  is  wanted  to  have  a  reciprocating 
motion  hangs  to  it  in  a  joint. 

The  air-pump,  as  well  as  any  other  pump  that  may  be 
wanted,  is  worked  by  a  lever,  which  receives  action  by 
the  piston ;  and  to  such  lever  is  applied  the  necessary 
counterweight. 

If  the  engine  be  a  double  one,  there  must  be  a  double 
chain  or  s^rap  Tound  the  pulley,  so  th^t  the  piston  may  act 
upon  the  pulley,  both  in  its  descent  and  ascent.  Or  the 
action  may  be  given  to  the  axis  of  the  crank  by  a  rack  and 
pinion. 

A,  the  cylinder. 
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B,  the  boiler. 

C,  pulley  put  in  motion  by  the  piston  and  its  coun- 
terweight. 

D,  the  crank  upon  the  axis  of  the  pulley. 

E,  the  connecting  rod. 

F,  the  lever. 

6,  the  fly  wheel. 

H,  the  crank  upon  its  axis. 

I,  rod  connecting  it  to  the  lever  F-^ 

This  engine  ia  portable  and  cheap,  but,  for  ingenuity, 
we  think  it  falls  short  of  Mr«  Cartwright^s  fprmer  scheme. 
Racks  and  pinions  ought  to  be  avoided,  if  possible ;  neither 
do  chains  deserve,  in  our  opinion,  greater  commendation. 
Both  these  plans  are.  inferior,  in  our  judgment,  to  many 
engines  in  actual  use  at  the  date  of  this  patent. 

Mr.  Matthew  Murray's  patent  of  1801,  contained  more 
meritorious  and  useful  schemes  than  his  former  patent, 
most  of  them  being  geuerally  in  use  at  the  present  day. 
We  shall  describe  hia  valves,  commonly  called  nozzles, 
nossels,  or  nozles. 

o,  in  the  following  figure,  is  the  pipe  conveying  steam 
from  the  boiler,  and  d^livpring  it  into  the  descending 
pipe  Pj  which  terminates  fn  the  valve  9,  opening  to  the 
lower  part  of  the  cylinder  by  the  side  opening  marked  as 
a  shaded  parallelogram,  while  the  valve  r  opens  a  similar 
communication  with  the  upper  part  of  the  cylinder;  so 
that  by  the  successive  opening  and  shutting  of  q  and  r, 
steam  is  admitted  above  and  below  the  piston :  s  is  the 
lower  end  of  the  eduction  pipe,  joining  on  to  the  conden- 
ser, and  this  pipe  opens  first  to  the  lower  part  of  the 
cylinder  by  the  valve  ^,  and  leads  also  by  a  perpendicular 
continuation  of  the  same  pipe  t;,  to  a  vqIvo  a,  by  which  a 
connexion  is  formed  with  the  upper  p^rf  of  the  cylinder. 
The  two  apertures  into  the  cylinder,  called  nozzles,  are 
therefore  commpa  l^th  to  -  tl|e  admission  of  steam,  and 
formation  of  the  vacuum,  which  is  regulated  simply  by 
the  working  of  .the  valves.     For  as  the. figure  now  stands, 
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r  IB  the  only  open  valye  id  the  steam  pipe ;  consequently, 
flteam  would  enter  above  the  piston  to  depress  it,  while  a 
vacuum  would  exist  below  it,  on  account  of  the  valve  t 
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being  open  to  the  condenser.  As  soon  as  the  piston  reaches 
the  bottom  of  the  cylinder,  the  valves  r  and  i  must  be 
shut,  and  u  and  q  opened ;  when  the  steam,  being  no  longer 
able  to  get  through  r,  would  pass  down  the  pipe  p,  and 
enter  the  lower  part  of  the  cylinder  through  q;  meantime, 
u  being  open  to  the  condenser  by  the  pipe  v,  would  cause 
the  necessary  vacuum  above  the  piston  to  permit  its  ascent, 
which  being  completed,  the  valves  must  be  again  pot  into 
the  position  shewn  in  the  figure,  to  produce  its  descent, 
and  so  on.    It  will  be  sufficient  to  state  that  these  valves 
are  operated  upon,  either  by  levers  passing  in  a  steam- 
tight  manner  through  the  side  pipes,  or  that  sometimes  the 
spindles  of  the  valves  are  made  to  act  one  through  the 
other  in  stuffing,  as  in  the  present  instance,  when  they  are 
worked  by  external  applications.    It  is  likewise  not  un^ 
frequent  to  connect  a  steam  and  condensing  valve,  when 
they  are  required  to  open  and  shut  simultaneously,  by  an 
external'  rod.    Motion  is  communicated  to  the  valves  in 
such  engines  as  are  without  a  fly-wheel,  by  a  rod^  or  beam^ 
attached  to  the  engine  beam,  xery  near  to  the  cylinder  end 
of  it,  and  called  a  plug-tree ;  this  plug-tree  is  equipped 
with  certain  adjustable  projections,  called  tappets,  which 
strike  the  levers  or  handles  of  the  valves,  and  thus  open 
and  shut  them  at  the  proper  intervals,  as  they  rise  and  fall 
with  the  beam.* 

By  this  most  ingenious  contrivance  no  waste  of  steam 
arises,  excepting  in  the  small  aperture  between  the  valves; 
the  friction  is  likewise  much  leas  than  either  slides,  cocks, 
or  indeed  any  other  kind  of  valve — the  only  resistance  to 
their  motion  being  the  pressure  upon  the  upper  side  by 
the  steam,  when  in  their  seats.  Their  cost,  compared  to 
that  of  the  slide-valve,  is  much  greater ;  but  as  they  are 
not  liable  to  wear,  and  work  with  great  accuracy,  the 
extra  expense  does  not  prevent  their  very  general  adop- 
tion for  large  engines'. 

At  the  same  time  Mr.  Murray  described  a  new  air- 
pump,  in  which  the  air  in  the  condenser  was  discharged 
-  -  " -'— ' 
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from  the  air-pump  without  an  effort  to  open  the  valvea,  or 
preflB  through  a  body  of  water,  and  in  which  the  air  and 
water  were  discharged,  separately,  in  different  ways ;  this 
he  effected  by  discharging  the  air  alone  by  one  bucket,  altd 
the  water  alone  by  another,  or  by  an  eduction  pipe  of 
twenty-eight  feet  in  length.  A  represents  the  cohdeitsert 
fi  the  air-pump ;  C  the  air  piston ;  D  the  air  valve  which 
is  opened  and  shut  by  the  working  parts  of  the  engine,  and 
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has  an  elastic  rod ;  E  the  valve  for  discharging  the  air- 
F  the  exhausting  pipe,  having  a  free  communicatioi 
betwixt  the  condenser  and  the  top  of  the  air-pump,  wher  , 
the  valve  D  is  open  ;  G  the  eduction  pipe ;  K  a  bucket  fo  > 
lifting  the  water  upwards,  as  in  a  common  pump ;  L 
foot  valve  for  preventing  a  return  of  the  water  during  the 
descent  of  the  bucket  K;  M  the  barrel  of  the  pump  for 
discharging  water  alone.  This,  together  with  an  inspec- 
tion of  the  preceding  diagram,  will  serve  to  show  the 
nature  of  his  invention.  The  utility  of  the  separate  dis- 
charge of  the  air  and  water  is  unquestionable;  but  whe- 
ther this  will  compensate  for  the  increased  expense  and 
complexity,  can  only  be  ascertained  in  practice.  Mr. 
Murray^s  scheme,  however,  has  been  again  made  the  sub- 
let of  a  patent,  a  short  time  ago,  by  Mr.  George  Stephen- 
son, of  Newcastle. 

In  the  same  year  (1801)  Mr*  Bramah  obtained  a  patent' 
for  an  improvement  in  the  four-way  cock,  by  causing  it  to 
make  a  continuous  revolution,  instead  of  a  partial  one  (as 
used  previously.)  By  this  method,  the  wear  was  more 
regular,  which  rendered  the  cock  durable,  and  it  was  like- 
wise more  certain  and  correct  in  its  action. 

Mr.  John  Nuncarrow's  engine,  for  giving  motion  to  a 
water-wheel,  by  a  fall  obtained  by  the  power  of  steam, 
acts  upon  the  same  principle  as  those  of  Papin  and 
Savery ;  but  as  his  machine  possesses  many  great  advan- 
tages over  theirs,  we  shall  offer  no  apology  for  its  insertion. 
A  is  the  receiver,  which  may  be  made  either  of  wood  or 
iron.  B  B  B  B  B  are  wooden  or  cast-iron  pipes,  for  con- 
veying the  water  to  the  receiver,  and  thence  to  the 
penstock.  C  the  penstock,  or  cistern ;  D  the  water  wheel ; 
E  the  boiler,  which  may  be  either  iron  or  copper ;  F  is 
the  hot  well  for  supplying  the  boiler  with  water ;  G  G  are 
two  cisterns  under  the  level  of  the  water,  in  which  the 
small  bores  B  B  and  the  condenser  are  contained.  H  H  H 
is  the  surface  of  the  water  with  which  the  steam  engine 
and  water  wheel  are  supplied ;  a  a  is  the  steam  pipe, 
through  which  the  steam  is  conveyed  from  the  boiler  to 
he  receiver;  b  the  feeding  pipe,  for  supplying  the  boiler 
7.  T 
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with  hot  water  ;  c  c  c  c  c  the  condensing  apparatus ;  d  d 
the  pipe,  which  conveys  the  iiot  water  from  the  condensel 
to  the  hot  well  i  tee  valves  for  adn^itting  and  excluding 
the  water ;  //  the  injection  pipe^  and  g  the  injection  cock ; 
h  the  condenser* 

It  does  not  appear  ueeeasary  to  say  aqy  thing  here  on 
the  manner  in  which  this  machine  performs  its  operations 
without  mannal  assistance,  as  the  method  of  opening  the 
eocks,  by  which  ihetiteam  is  admitted  into  the  receiver  and 
condensed^  wiU  be  readily  conceived,  being  somewhat 
sidBilar  'toi  die  apparatus  for  working  the  ^valves  of  the 
common'ongiiie.  But  it  will  bernecessary  to  remark,  that 
the  reeeiver,  penstock,  and  all  the  pipes,  must  be  pre- 
viously filled,  before  any  water  can  be  delivered  on  the 
wheel ;  and  when  the  steam  in  ihe  boiler  has  acquired  a 
sufRcient  atrength,  the  valve  as  «!  c  is  open,  and  the  steam 
immediately  ruskest  fromithe  boiler  at  E  into  the  receiver 
A ;  the  water  descends  through  the  tubes  A  and  B,  aod 
ascends  through  the  valve  e,  and  the  other  pipe  or  tube  B, 
into, the  penstock C.  This  part  of  the  operation  being 
performed,  and  the  valve  c  shut,  that  at  a  is  suddenly 
opened,  through  which  the  steam  rushes  down  the  conden- 
sing pipe  c,  and  in  its  passage  meets  with  a  jet  of  colli 
water  from  the  injection  cdek  9,  by  which  it  is  condensed ; 
a  vacuum  being  made  by  this  means  in  the  receiver,  the 
water  is  driven  np  to  fill  it  a  second  time,  through  the 
valves  e  €y  by  the.  pressure  of  the  external  air,  when  the 
steam  valve  at  c.is  again  opened,  and  the  operation  re- 
peated for  any  length  of  time  that  the  machine  is  required 
to  work. 

There  are  many  advantages  which  a  steam  engine  on 
this  constrnction  possesses,  beyond  any  thing  of  the  kind 
hitherto  invented;  a  few  of  which  the  inventor  thus 
enumerates : — 

1st.  It  is  subject  to  little  or  no  friction. 

2dly.  It  may  be  erected  at  a  small  expense,  when  com- 
pared with  any  other  sort  of  steam  engine. 

3dly.  It  has  every  advantage  which  may  be  attributed 
to  Boulton  and  Watt's  engines,  by  condensing  out  of  the 
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receiver,  either  in  the  penstock  or  at  the  level  of  the 
water. 

4thly.  Another  very  great  advantage  is,  that  the  vrater 
in  the  upper  part  of  the  pipe  adjoining  the  receiver 
acquires  a  heat  by  its  being  in  frequent  contact  with  the 
steam,  very  nearly  equal  to  that  of  boiling  water :  hence 
the  receiver  is  always  kept  uniformly  hot,  as  in  the  case  of 
Boulton  and  Watt's  engines. 

dthly.  A  very  small  stream  of  water  is  sufficient  to  sup- 
ply this  engine,  even  where  there  is  no  fall;  for  all  the 
water  raised  by  it  is  returned  into  the  reservoir  H  H  H. 
From  the  foregoing  reasons  it  would  seem  that  no  kind  of 
steam  engine  is  better  adapted  to  give  rotary  motion  to 
machinery  of  every  kind  than  this.  Its  form  is  simple, 
and  the  materials  of  which  it  is  composed  are  cheap;  the 
power  is  more  than  equal  to  any  other  machine  of  the 
kind,  because  there  is  no  deduction  to  be  made  for  fric* 
tion,  except  on  account  of  turning  the  cocks,  which  is  but 
trifling. 

But  it  should  be  observed  on  the  other  hand,  that  one 
of  the  properties  of  this  machine,  enumerated  by  the  in- 
ventor as  an  advantage,  would  be  found  rather  a  defect 
than  otherwise ;  we  allude  to  the  water  in  the  upper  part 
of  the  pipe  being  heated  by  the  steam.  For  though  leas 
steam  would  be  lost  by  condensation,  yet  it  should  be 
remembered  that  it  is  impossible  to  form  a  vacuum  on  the 
surface  of  boiling  water.  The  only  way,  therefore,  that 
the  water  could  be  raised  up  the  column  B,  would  be  by 
the  condensation  in  C  being  more  rapid  than  the  ( ^^am 
could  be  generated  from  the  boiling  water  in  B.  But  we 
apprehend  steam  would  be  generated  thus  almost  as  quickly 
as  it  could  be  condensed,  and  therefore  the  operation  of 
filling  B  would  prove  very  slow.  The  addition  of  a  non- 
conducting float  might  probably,  in  part,  obviate  this 
objection. 


Mr.  Oliver  Evans,  of  America,  whose  claim  to  the  in- 
vention of  the  Steam  Boat  will  be  noticed  in  its  proper 
place,  succeeded  in  constructing  several  extremely  simple 
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and  powerful  steam  engines;  the  general  principle  of 
which  will  be  sufficiently  explained  by  the  subjoined  de- 
scription. 

.  In  the  annexed  figure,  A  is  the  bojler,  B  the  working 
cylinder,  C  the  lever  beam,  D  the  fly  wheel,  E  the  cistern 
or  condenser,  F  the  cold-water  pump,  6  the  supply  pump, 
H  the  fire-place,  I  the  chimney  flue,  K  tile  safety  valve, 
which  may  be  loaded  with  from  100  to  150  lbs.  to  the  inch 
area ;  it  will  never  need  more,  and  it  must  never  be  fast- 
ened down. 

The  boiler  being  filled  with  pure  water  (rain  or  dis* 
tilled)  as  high  as  the  dotted  line,  and  the  fire  applied,  the 
smoke  enters  the  centre  flue,  which  passes  through  the 
centre  of  the  water  to  ascend  the  flue  I,  and  thus  acts  on 
a  large  surface. 

When  the  steam  lifts  the  safety  valve,  it  is  let  into  the 
cylinder  by  opening  the  throttle  valve,  and  drives  the 
piston  up  and  down,  which,  by  the  rod  1,  gives  motion  to 
the  fly  wheel ;  and  the  wheel  2  gives  motion  to  a  shaft, 
passing  through  the  supports  of  the  cylinder  to  turn  the 
spindle  of  the  rotary-valves,  3, 8,  which  lets  the  steam  both 
into  and  out  of  the  cylinder,  at  the  proper  time. 

The  steam,  escaping  by  the  pipe  4,  curved  backwards 
and  forwards  in  a  zigzag  form,  and  immersed  in  the  water 
in  the  cistern  E,  (which  is  supplied  by  the  cold-water  pump 
F,)  is  condensed ;  and  the  distilled  water  formed  thereb]j 
descends,  by  the  pipe  5,  into  the  supply  pump  O,  and  is 
forced  into  the  boiler  again  by  the  pipe  6. 

But  as  boiling  disengages  air  from  the  water,  so  the 
shifting-valve,  7,  is  necessary.  This  valve  lifts  at  every 
puiF  of  the  steam,  and  a  small  quantity  escapes;  it  then 
shuts,  and  a  vacuum  is  instantly  formed,  as  the  crank 
passes  the  dead  points. 

The  small  waste  of  water  may  be  replaced  by  condensing 
water  in  the  cistern  E,  and  causing  it  to  run  down  the 
pipe  G,  through  a  hole  in  the  key  of  a  stop-cock,  one-S2d 
part  of  an  inch  in  diameter;  a  small  hole,  indeed,  to  supply 
a  boiler  of  a  steam  engine^  of  twenty  horses'  power. 
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In  1801 ,  Mewrs.  John  and  James  Robertson,  of  Glaaipow, 
obtained  a  patent  for  an  improved  steam-eiigine,  the  form 
of  which  differs  little  in  construction  from  many  other 
engines,  except  that,  in  place  of  one  working  cylinder,  in 
these  there  lire  two ;  in  this,  the  lesser  cylinder  (n)  is  placed 
on  the  top  of  the  larger  (m),  and  made  fast  to  it.  To  each 
cylinder  there  is!  a  piston  fitted,  wbich  are  connected  to« 
gether  by  a  cylinder  D:  or  this  cylinder  is  so  made  as  to 
have  the  pistons  hi.  one  pidce  with  it.  This-  cylinder  is 
made  so  that  it  may  nearly  fill  the  small  cylinder  n ;  that 
is,  that  it  may  work  pp  and  down  so  that  the  external  sur- 
face of  the  one  may  not  mb 
on  the  internal  snrikce  of  the 
other.  The  steam  and  con- 
ducting pipes,  with  the  valves, 
are  explained  in  the  accompa- 
nying diagram  and  following 
description  of  the  operation 
of  the  engine : — 

'^  Let  the  working  bandies, 
with  the  valves,  be  placed 
in  such  a  manner,  that  steam 
from  the  boiler  may  have 
free  access  through  the  pipes 
and  cylinders  into  the  con- 
densing  vessel,  to  free  the 
whole  of  the  air,  as  in  the 
usual  manner.  When  this  is 
done,  the  engine  is  set  to  work 
by  the  valves  b  and  c  being 
shut,  and  by  that  of  a  left 
open,  and  water  let  into  the  ^—-/ 
condensing  vessel  C,  when  a 
vacuum  takes  place  in  it  by 
means  of  the  condensation  of 
the  steam,  and  also  in  the  un- 
der part  of  the  large  cylin- 
der m,  below  its  piston  (there 


being  a  communication  from  n^,,  .  ,    „  ._,    .  ^    .     ,o«i% 

^  [Jo/ift  Hf  Ja»»RoberUon*t  Engme,  180 1 J 
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condensing  vessel  by  the  pipe  F) ;  at  the  same  time  the 
steam  from  the  boiler  has  free  access  through  the  pipe  j&, 
and  valve  a  into  the  small  cylinder  n,  above  its  piston  ky  iand 
exerts  its  force  upon  it,  and  presses  it  downwards  with  as 
much  force  as  in  the  usual  manner.     But  as  it  is  found, 
from  experience,  that  a  considerable  quantity  escapes  past 
the  piston  :  this  piston  is  iii  part  detained  by  the  secondary 
piston  g^  and  exerts  its  force  on  that  part  or  annular  section 
s  s  that  is  contained  betwixt  the  cylinders  m  and  D,  and 
assists  in  forcing  the  whole  downwards ;  while,  at  the  same 
time,  the  steam  which  is  lodged  in  t^  annular  space  s  Sy 
and  around  the  cylinder  D,  prevents  so  great  a  quantity 
from  escaping  past  the  first  piston,  as  would  otherwise  be 
the  case  where  there  is  no  secondary  pistonj  and   the 
vacuum  is  much  more  complete  below  the  first  piston,  con- 
sequently there  is  a  greater  power  produced  from  a  smaller 
quantity  of  steam  than  with  a  single  piston.     During  the 
time  of  the  piston's  descent,  the  steam  valve  a  is  shut,  and 
the  elasticity  of  the  steam  within  the  cylinders  carries  the 
pistons  forward  to  near  the  bottom  of  these  cylinders, 
when  the  valves  b  and  c  are  opened  by  the  handles  and 
plug-work  admitting  the  steam  to  pass  from  the  upper 
dides  of  both  pistons  through  the  pipes  B  and  E  to  the 
condensing  vessel  C,  while  the  counter-weight  at  the  other 
end  of  the  beam,  or  this  connected  with  a  Ay  wheel  raises 
the  pistons  again,  when  the  valves  b  and  c  are  shut,  and 
that  of  a  opened  by  the  plug- work,  when  the  engine  makes 
another  stroke  as  before.     The  piston  rod  R  joins  the 
working  beam  in  any  of  the  usual  modes,  and  in  other 
respects  the  engine  is  much  the  same  as  in  common  practice." 
The  same  specification  describes  a  most  ingenious  method 
of  constructing  the  furnace,  by  which  the  smoke  was  par- 
tially consumed,  instead  of  being  discharged  as  hitherto 
through  the  chimney.     Messrs.  Robertson  have  the  credit 
of  being  the  first  who  succeeded  in  this  project.    After  the 
adoption  of  this  plan,  several  manufacturers,  for  not  using 
the  improvement,  had  their  works  indicted  as  nuisances, 
as  the  smoke  incommoded  many  neighbourhoods  so  much, 
that  some  manufactories  were  stopped  on  account  of  it. 
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The  invention,  in  principle,  consbtB  in  euppl^mg  the 
burning  fuel  more  fully  with  air,  having  this  fuel  more  in 
a  body  together,  and  a  less  quantity  iu  combustion,  at  the 
same  time,  than  whet  usually  takes  place  in  other  famaces, 
which  are  applied  to  the  same  uses;  in  supplying  the  fue. 
with  a  portion  of  fresh  air,  admitted  from  an  opening  made 
for  that  purpose,  and  directed  in  such  a  manner  as  it  may 
come  in  contact  with  the  smoke,  from  the  kindling  cotj 
and  great  heat  of  the  furnace  together ;  and  the  fael  being 
more  fully  supplied  with  air,  and  consequently  a  greater 
degree  of  heat  taking  place,  and  the  smoke' and  fresh  air 
uniting  in  the  great  heat,  the  stboke  is  inflamed,  and  ren* 
dered  useful  in  adding  to  the  heat  of  the  furnace ;  besides, 
this  portion  of  fresh  air  is  so  condacfed  as  to  act  partly  on 
the  kindling  or  Vindled  fael,  and  raising  it  to  a  greater 
degree  of  lieat  after  it  has  serred  its  purpose,  by  uniting 
with  and  inflaming  (he  smoke ;  and  therefore  is  employed, 
in  some  measure,  usefully,  even  after  the  coal  has  ceased 
to  smoke :  secondly,  to  the  above  may  be  added,  the  frame 
of  the  furnace,  which  is  so  constructed  (hat  the  full-kindled 
fuel  is  kept  backward  in  the  furnace,  while  the  fresh  coal 
lies  before,  and  is  more  gradually  kindled  than  if  intro- 
duced farther  among  the  full-kindled  fuel,  while  the  heat 
of  the  furnace  is  little  injured  or  damped  by  the  introduc- 
tion of  fresh  coal,  as  is  more  fully  described  afterwards. 


iJf^Sr  Jos.  Robertson' a  Smoke-consummgFtimacB.  1801.) 
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The  coal  is  admitted  into  the  furnace  by  a  hopper, 
feeder,  or  mouth-piece  A,  made  of  cast  iron,  but  which 
may  be  made  of  other  materials,  and  inclined  to   the 
horizon ;  so  that  the  coal  in  it  may,  in  some  measure,  fall 
i|ito  the  fire-place  above  the  bars,  as  the  fuel  is  consumed ;  in 
the  upper  part  of  this  hopper,  feeder,  or  mouth-piece,  is  a 
plate  a,  placed  at  a  small  distance,  or  from  about  three- 
eighths  to  three-fourths  of  an  inch  from  the  upper  side  of 
the  hopper,  betwixt  which  plate  and  the  upper  plate,  or 
side  of  the  hopper,  a  stream  of  air  rushes  downward  on 
the  fire,  at  an  angle  of  45  degrees  to  the  horizon,  which 
stream  of  air  assists  in  consuming  the  smoke,  as  before 
mentioned,  and  more  fully  described  hereafter.   B  is  a  sec- 
tion of  the  bars,  which  are,  in  general,  a  little  inclined  to 
the  horizon,  as  in  the  figure,  in  order  that  the  fuel  may  more 
easily  fall,  or  be  pushed  backwards  in  the  furnace;  at  c  is 
an  opening  above  the  bars,  and  below  the  lower  end  of 
the  hopper,  which  is  in  general  fitted  with  a  grated  door 
or  doors,  which  open  for  the  more  convenient  cleansing  of 
the  furnace ;  and  the  grated  form  of  the  doors  is  also  de- 
signed for  admitting  air  into  the  fuel,  as  well  as  at  the 
bars,  consequently  the  air  is  more  concentrated  in  the  mid- 
dle of  the  burning  fuel,  and  produces  a  greater  heat  than 
if  admitted ^nly  betwixt  the  bars ;  this  grated  form  of  the 
doors  is  very  convenient  for  the  admission  of  a  poker  or 
instrument  for  pushing  backward  the  kindled  fuel,  while 
the  fresh  coal,  or  that  which  is  not  so  well  kindled,  falls 
to  supply  its  place.  In  some  modifications  of  these  furnaces, 
the  opening  below  the  lower  end  of  the  hopper,  and  above 
the  fore-end  of  the  bars,  is  left  without  doors  at  all ;  at 
this  opening  it  is  convenient,  when  the  fire  is  mended,  to 
push  the  coal  from  the  foreside  backward,  as  mentioned 
above,  or  it  may  be  pushed  backward  with  a  hooked  poker, 
P,  by  applying  the  hooked  part  of  it  through  the  furnace 
bars  below ;  by  either  of  which  means  the  kindled  coals 
are  put  backwards,  while  the  fresh  coal,  or  that  which  is 
lot  so  well  kindled,  falls  down  to  supply  their  place;  that 
is,  the  coals  in  the  situation  c,  are  pushed  towards  d,  while 
those  in  the  situation  /  fall  down  to  supply  the  place  of 
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those  which  ^ere  driven  from  c  towards  d;  by  such  meann 
the  strength  or  heat  of  the  fire  is  not  much  damped  by  the 
introduction  of  fresh  coal,  and  the  coals  which  have  fallen 
from/ towards  c  are  not  so  rapidly  kindled,  as  if  introduced 
above  the  burning  fuel ;  at  the  same  time  the  smoke,  which 
arises  from  these  newly-introduced  coals,  passes  partly 
through  the  full  kindled  coal  and  partly  over,  and  in  con- 
tact with  the  great  heat  of  the  burning  fuel,  and,  meeting 
at  the  same  time  with  the  current  of  fresh  air  coming 
downwards,  and  tending  also  to  drive  the  smoke  still 
nearer  to  the  bright  kindled  fuel,  does,  in  general,  com- 
pletely  inflame  the  smoke,  and  render  it  useful  in  adding 
to  the  heat  of  the  furnace. 

Another  end  obtained  by  the  stream  of  fresh  air,  is  to 
keep  in  some  measure  the  great  heat  of  the  furnace  from 
acting  so  violently  on  that  part  of  the  hopper  which  is 
nearest  it,  and  mostly  exposed  to  its  heat,  and  liable  to  be 
damaged  thereby,  which  it  does  by  the  continual  current 
of  fresh  cool  air  that  is  in  contact  with  those  parts.  The 
construction  of  the  furnace  may  be  much  varied,  but  the 
chief  improvements  are,  that  the  fuel  in  combustion  is 
supplied  with  air  by  the  foreside  as  well  as  by  the  bars; 
the  hopper  is  placed  in  such  a  situation  that  the  kindled 
or  unkindled  coal  may  in  part  fall  to  the  foreside  of  the 
furnace  above  the  bars,  as  the  other  fuel  is  pushed  back- 
ward in  the  furnace,  and  the  admission  of  fresh  air  to  pass 
over  the  burning  fuel  by  means  of  a  definite  space  or 
spaces,  opening  or  openings,  made  for  that  purpose ;  so 
that  this  stream,  current,  or  currents  of  air,  partly  come 
in  contact  with  the  burning  fuel  itself,  forcing  also  the 
smoke  into  more  immediate  union  with  the  burning  fuel 
and  great  heat  of  the  furnace.  The  success  of  the  furnace 
depends  also  in  a  considerable  degree  upon  what  is  called 
the  draught  of  the  furnace ;  that  is,  the  chimney  and  flues 
are  so  constructed,  that  a  sufficient  current  of  air  may  pass 
through  the  fire  to  bring  it  to  a  proper  degree  of  heat; 
also,  that  the  current  of  fresh  air  may  have  such  force  as 
to  come  pretty  much  in  contact  with  the  burning  fuel,  and 
to  convey  the  smoke  along  with  it  through  the  hottest  oj 
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the  flame :  if  th»  be  not  the  case,  the  smoke  will  Dot  be  so 
completely  c<Misumed  ia  th^se  furnaces.  The  hopper  is 
allowed  to  be  kept  is  fttU-of  coals  as  possible,  and  either 
wholly  or  in  part  small  co^l^  so  «s  to  pri^vent  air  as  much 
as  possiUe  getting  in .  by  that  passage-;  this  must  be  at- 
tended to,  when  the  fiirnace  is  in  its  ordinary  working  state : 
yet  sometimes  it  is  n^eesfi^ry  to  keep  this  openia|[;  of  the 
hopper  either  wholly  or  in  part  open,  when  there  is  little 
heat  wanted. 

The  utility  of  this  seheme  was  safficiently  proved  by  the 
▼ery  general  adoption  whiQh  followed  its  publication. 
The  combustion  of  smoke  is  now  established  as  not  only 
practicable,  but  economical^— it  being  a  fact,  that  all  the 
smoke  discharged  from  a  chimney  is  but  so  much  good  fuel, 
which  wants  only  the  proper  application  of  air  to  render 
it  useful.     It  is  equally  true,  that  the  flame  which  is  fre- 
quently at  the  top  of  furnace  chimneys  has  no  existence 
but  at  the  top;  while  ascending  the  flue,  it  is  merely  dense 
smoke,  consisting  of  azote  of  the  atmospheric  air,  decom- 
posed in  passing  through  the  fire  ;  of  hydrogen^  coal-tar, 
and  carbonaceous  matter,  of  such  a  high  temperature  that 
it  only  wants  oxygen  to  make  it  inflame  spontaneously ; 
this  it  obtains  firom  the  atmospheric  air,  into  which  it  as- 
cends, and  then  presents  such  appearances  as  would  make 
a  hasty  observer  adopt  the  opinion,  that  the  flame  had 
ascended  as  flame  from  the  fuel  in  the  furnace,  which  is  by 
no  means  the  case. 

Messrs.  Trevithick  and  Vivian's  High-Pressure  Engine 
(patented  in  1802)  has  been  found  the  iiM)$t  compact,  simple, 
and  effective  engine,  perhaps,  ^ver  known.  In  an  early 
part  of  this  work  reasons  are  given  for  the  superiority  of 
high-pressure  over  condensing  engines;  and  we  shall  only 
now  say,  that  Messrs.  Trevithick  and  Vivian's  engine  has, 
of  all  others. on  this  principle,  obtained  the  highest  repu- 
tation. 

*^  A,  (fig.  1  •)  represents  the  boiler,  made  of  a  round 
figure,  to  bear  the  expansive  action  of  strong  steam.  The 
boiler  is  fixed  in  a  case,  D,  luted  inside  with  fire  clay,  the 
lower  part  of  which  constitutes  the  fire-place,  B,  and  the 
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{Trevitkick  and  'Vivian's  High-Pressure  Engine      1802.^ 

upper  cavity  atTords  a  apac«  roond  the  boiler,  id  which  the 
flame  or  heated  vapour  circulates  till  it  cones  to  the  chim- 
ney, E.  The  case,  D,  and  the  chimney  are  fixed  upon  a 
platform,  F,  the  case  being  supported  upon  four  legs  ;  C 
represents  the  cylinder,  inclosed  for  the  most  part  in  the 
twiler,  having  its  nozzle,  steam-pipe,  and  bottoia,  cast  all 
iu  one  piece,  in  order  to  resist  the  strong  steam,  and  witit 
the  sockets  in  which  the   iron  uprighja  of  th'j  external 
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frame  are  firmly  fixed.  G  represents  a  cock  for  conducting 
the  steam,  as  may  be  more  clearly  seen  by  observing'  fig.  2, 
which  is  a  plan  of  the  top  of  the  cylinder.  6,  Figs.  1  and  2, 
represent  the  passage  from  the  boiler  to  the  cock,  6; 
this  pasage  has  a  throttle  valve,  or  shut,  adjustable   by  a 
handle,  so  as  to  wiredraw  the  steam,  and  suffer  the  supply 
to  be  quicker  or  slower.    The  position  of  the  cock  is  such, 
that  the  communication  from  the  boiler,  through   fr,  by  a 
channel  in  the  cock,  is  made  good  to  d,  which  denotes  the 
upper  space  of  the  cylinder  above  the  piston,  at  the  same 
time  that  the  steam  pipe,  a,  (more  fully  represented  in 
Fig.  1.)  is  made  to  afford  a  passage  from  the  lower  space 
in  the  cylinder  beneath  the  piston  to  the  channel,  C, 
through  which  the  steam  may  escape  into  the  outer  air,  or 
be  directed  or  applied  to  heating  fluids,  or  other   useful 
purposes.     It  will  be  obvious  that,  if  the  cock  be  turned 
one  quarter  of  a  turn  in  either  direction,  it  will  make  a 
communication  from  the  boiler  passage,  6,  to  the  lower 
part  of  the  cylinder,  by  or  through  a,  at  the  same  time  that 
the  passage  r,  from  the  upper  part  of  the  cylinder,  will 
communicate  with  C,  the  passage  for  conveying  off  the 
steam.    P  Q  is  a  piston  rod  moving  between  guides,  and 
driving  the  crank,  R  S,  by  means  of  the  rod,  Q  R,  the 
axis  of  which  crank  carries  the  fly,  T,  and  is  the  first  mover 
to  be  applied  to  drive  the  machinery  at  S.    X  Y  is  a  double 
snail,  which  in  its  rotation  presses  down  the  small  wheel  O, 
and. raises  the  weight,  N,  by  a  motion  in  the  joint,  M,  of 
the  lever,  O  N,  from  which  downwards  proceeds  an  arm, 
M  L,  and  consequently  the  extremity,  L/,  is  at  the  same 
time  urged  outwards.     This  action  draws  the  horizontal 
bar,  JL  I,  and  carries  the  lever  handle,  H  I,  which  moves 
upon  the  axis  of  the  cock,  6,  through  one-fourth  of  a  cir- 
cle.    It  must  be  understood  that  H  I  is  fore-shortened, 
(the  extremity,  I,  being  more  remote  from  the  observer 
than  the  extremity,  H,)  and  also  there  is  a  clack  or  ratchet 
wheel  on  the  part,  H,  which  gathers  up  during  the  time 
that  Li  is  passing  outwards,  and  does  not  then  move  the 
cock,  G,  but  that,  when  the  part  X,  of  the  snail  opposite 
O,  that  is  to  say,  when  the  piston  is  about  the  top  of  its 
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stroke,  then  the  wheel,  O,  suddenly  falls  into  the  concavity 
of  the  snail ;  and  the  extremity  of  L,  by  its  return,  at  once 
pushes  I  H  through  the  quarter  circle,  carries  with  it 
the  cock,  O,  and  turns  the  steam  upon  the  top  of  the  pis- 
ton, and  also  alDbrds  a  passage  for  the  steam  to  escape  from 
beneath  the  piston.  Every  stroke,  whether  up  or  down, 
produces  this  effect  by  the  half  turn  of  the  snail,  and  re* 
yerses  the  steam  ways,  as  before  described ;  or  the  cock 
may  be  turned  by  various  well-known  methods,  such  as  the 
plug  with  pins  or  clamps  striking  on  a  lever  in  the  usual 
way,  and  the  effect  will  be  the  same,  whether  the  quarts 
turns  be  made  backward  or  forward,  or  by  a  direct  circu- 
lar motion,  as  is  produced  by  the  machinery  here  repre*- 
sented ;  but  the  wear  of  the  cock  will  be  more  uniform  and 
regular,  if  the  turns  be  all  made  in  the  same  way.' 

The  same  specification  likewise  describes  a  very  simple 
and  ingenious  method  of  giving  motion  to  the  fly  wheel,  by 
making  the  piston  rod  of  an  inflexible  bar,  and  connecting 
it  at  once  with  the  crank.  The  cylinder  and  boiler  are 
allowed  to  vibrate  on  pivots,  and  thereby  follow  the  re* 
volving  of  the  crank.  The  drawing  here  given  represent^ 
also  the  outline  of  a  machine  for  rolling  sugar  canesL 
thereby  showing  at  once  the  connexion  of  the  engine  witi 
the  machinery  of  the  mill.  i 

^^  In  the  subjoined  diagram,  the  working  cylinder,  C, 
with  its  piston,  steam  pipe,  noEzle  and  cock,  are  inserted 
in  the  boiler,  as  here  delineated.  The  piston  rod  drives  the 
fly,  upon  the  arbor  of  which  is  fixed  a  small  wheel  which 
drives  a  great  wheel  upon  the  axis  ;  the  guides  are  ren- 
dered unnecessary  in  this  application  of  the  steam  engine^ 
because  the  piston  rod  is  capable,  by  a  horizontal  vibra- 
tory motion  of  the  whole  engine  upon  its  pivots,  O,  to 
adapt  itself  to  all  the  required  positions ;  and  while  the 
lower  portions  of  the  chimney  partake  of  this  vibratory 
motion,  the  upper  tube,  E  F,  is  enabled  to  follow  it  by  its 
play  upon  the  two  centres  or  pivots  in  the  ring  above.  In 
such  cases,  or  constructions,  as  may  render  it  more  desira- 
ble to  fix  the  boiler  with  its  chimney  and  other  apparatus, 
and  to  place  the  cylinder  out  of  the  boiler,  the  cylinder 
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it9elf~mayi)crBnspended'for  the  same  purpose  tipon  trun« 
nions  or  pivots  in  the  same  niaDoer,  and  one  or  both  may  be 
perforated,  so  as  to  admit  the  introduetion  and  escape  of 
the  steam,  or  its  condensation*  And  in  such  cases,  where  it 
may  be  found  necessary  to  allow  of  no  vibratory  motion 
of  the  boiler  or  cylinder,   the  same  may  be  fixed,  and 
guides  be  used.    The  manner  in  which  the  cock  is  turned 
is  not  represented  in  the  two  drawings,  but  every  compe- 
tent workman  will,  without  difficulty,  understand  how  the 
stroke  of  pins  duly  placed  in  the  circumference  of  the  fly, 
and  made  to  act  upon  a  cross  fixed  on  the  axis  of  the  cock, 
or  otherwise,  will  produce  the  motion.     The  steam  which 
escapes  in  this  engine  is  made  to  circulate  in  the  case  round 
the  boiler,  where  it  prevents  the  external  atmospfrere  from 
affecting  the  temperature  of  the  included  water,  and  afibrds 
by  its  partial  condensation  a  supply  for  the  boiler  itself, 
and  is  or  may  be  afterwards  directed  to  useful  purposes/* 
This  latter  plan,  namely,  the  vibrating  cylinder,  looks 
well  in  theory,  but  we  fear  in  practice  it  would  be  found 
very  imperfect.     Reciprocation,  as  We  have,  shown,  is  a 
great  destroyer  of  power,  and  here  the   whole  engine, 
boiler,  water,  cylinder,  fire-grate,  and  all  the  apparatus, 
are  constantly  moving  backwards  and  forwards,  and 'all 
this,  too,  merely  to  dispense  with  the  guide  wheel  and  con* 
netting  rod.  ^  # 

Mr*  Matthew  Murray,  of  Leeds,  obtained  a  patent  for  a 
Portable  Engine,  in  180*2,  which  displays  much  novelty 
and  ingenuity.  The  annexed  figs.  1.  and  2.  represent  front 
and  side  views  of  the  combination  of  parts  of  this  engine. 

^^  A  the  steam  cylinder ;  B  the  piston  rod  ;  C  C,  connect*^ 
ing-rods,  for  connecting  the  piston  rod  to  the  pin  in  the 
wheel  D ;  E  a  wheel,  fixed  to  the  side  of  the  cistern  T, 
with  the  teeth  inwards,  to  admit  the  teeth  of  the  wheel,  D, 
for  the  purpose  of  giving  a  parallel  direction  to  the  rods, 
C  C  ;  F  a  plain  wheel,  upon  the  fly-wheel  shaft,  G ;  the 
wheel,  F,  is  furnished  with  a  double  conical  centre,  for 
the  wheel,  D,  to  run  upon;  I  is  a  cistern  or  frame  of 
plates,  on  and  in  which  the  whole  combination  of  mate- 
rials cciDstituting  this  engine  is  fixed ;  K  K  two  wheels, 
7.  X 
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use  upon  the  fly-wlieel  bhaft,  G,  the  other  upon  the  crank 
shaft)  L ;  these  wheels  and  crank  are  for  the  purpose  o 
working  the  lever,  R,  in  fig*  2,  which  lever  gives  imme- 
diate motion  to  the  air-pump,  P,  and  th^  cold  and  hot 
water  pump ;  T  is  an  iron  bar  for  supporting  the  shaft ; 
M  is  a  slide  valve  for  opening  and  shutting  the  communica- 
tion  of  the  steam  pipes,  marked  N  N  N,  and  is  described  in 
figs.  3, 4,  S,  6,  and  7 ;  a  motion  for  the  slide  valve  is  taken 
from  the  crank  shaft,.  L,  by  levers,  or  otherwise,  as  the 
nature  of  the  valve  may  require*    The  parts  so  combined 
form  a  perfect  engine,  without  requiring  any  fixture  of 
wood,  or  any  other  kind  of  framing  than  the  ground  it 
stands  upon,  which  is  transferable  without  being  taken  in 
pieces^ the  motion  of  the  fly-wheel  shaft  giving  circular 
power  to  any  process  or  manufactory  requiring  circular 
motion,  or  irrigating  land,  or  for  the  various  purposes  of 
agriculture.  Figs.  8, 4,  5, 6,  and  7,  represent  various  forms 
of  the  new  slide-valve,  in  its  application  to  the  steam- 
engine  ;  the  principle  of  which  consists  in  moving  in  a  cir- 
cle, part  of  a  circle  or  straight  line,  by  means  of  flat  surfaces 
or  faces  (or  nearly  so)  sliding  or  moving  upon  each  other, 
for  the  purpose  of  uniting  the  necessary  apertures  in  the 
steam  pipes  or  cylinders.     Fig.  3.  is  a  view  of  a  circular 
flat  sliding  valve ;  the  dotted  lines  show  the  avenues  to 
the  steam  pipes,  a  1,  is  a  figure  representing  the  upper  ot 
moveable  part  of  the  slide  valve,  fig.  3.  where  the  con- 
ducting or  uniting  cells  are  formed :  there  is  a  circular 
spring  for  compressing  a  1  to  the  face  of  the  slide  valve  in 
fig.  8,  so  as  to  render  them  perfectly  steam  and  air  tight, 
which  perfection  they  will  naturally  acquire  by  constantly 
rubbing  upon  each  other.     Figs.  4,  6,  6,  and  7,  show  four 
varieties  of  the  slide  valve,  for  working  double  or  single 
powers.  a2,  aS,  a  4,  and  a  5,  contain  the  cells  for  conduct- 
ing to  the  different  apertures  or  steam  ways.    Any  further 
description  is  unnecessary,  as  the  drawings  will  convey  to 
any  one  the  principles  of  these  inventions*"* 
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•  This  ingenious  apparatus,  though  poesessing  m uch  merit, 
infringed,  it  appears,  on  the  patent  right  of  Messrs.  Boal- 
ton  and  Watt,  and  the  patent  was,  therefore,  repealed  in 
1803.  An  engine  on  this  plan  has  been  at  work  many 
years  at  St.  Peter's  Quay,  on  the  river  Tyne^  and  Is  fouod 
to  answer  uncommonly  well. 

Mr.  WoolTs  very  excellent  and  ingenious  boiler  (patented 
in  1808)  coraeis  next  under  our  notice.  The  great  utility  of 
this  apparatus  induces  us  to  give  the  specification,  toge- 
ther with  Mr.  Woolf  8  own  remarks,  in  full. 

^^  Mr.  Wooirs  improved  apparatus  consists,  first,  of  two 
or  more  cylindrical  vessels  properly  connected  together, 
and  so  disposed  as  to  constitute  a  strong  and  fit  re<:eptacle 
for  water,  or  any  other  fluid  intended  to  be  converted  into 
steam,  whether  at  the  usual  heats,  or  at  temperatures  and 
under  pressures  uncommonly  high ;  and  also  to  present  an 
extensive  portion  of  convex  surface  to  the  current  of  flame 
or  heated  air  or  vapour  from  afire.     Secondly,  of  other 
cylindrical  receptacles  placed  above  these  cylinders,  and 
properly  connected  with  them,  for  the  purpose  of  contain- 
ing water  and  steam,  and  for  the  reception,  transmission, 
and  useful  application  of  the  steam  generated  from  the 
heated  water,  or  other  fluid.     And,  thirdly,  of  a  furnace 
so  adapted  to  the  cylindrical  parts  just  mentioned,  as  to 
cause  the  greater  part  of  the  surface  of  all  and  each  of 
them,  or  as  much  of  the  said  surface  as  may  be  convenient 
or  desiifable,  to  receive  the  direct  action  of  the  fire,  or 
heated  air  and  vapour. 

^^  One'  of  his  boilers,  in  its  most  simple  form,  consists  of 
eight  tubc^,  made  of  cast*iron,  or  any  other  fit  metal,  which 
are  each  connected  with  a  cylinder  placed  above  them.  The 
fuel  rests  on  the  bars,  and  the  flame,  heated  air,  and  va- 
pour, being  reverberated  from  the  part  above  the  two  first 
snmlier  cylinders,  goes  under  the  third,  over  the  fourth,  uu* 
der  the  fifth,  over  the  sixth,  under  the  seventh,  and  partly 
over  and  pailly  under  the  eighth  small  cylindric  tube* 
When  it  has  reached  the  end  of  the  furnace,  it  is  carried 
to  the  other  side  of  the  wall,  built  under  and  in  the  direc* 
ticn  of  the  main  evlinder    and  Uien  returns  under  the 
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seyenth  smaller  cylinder,  aver  the  sixth,  under  Ike  fifth, 
oVer  the  fourth,  under  the  third,  over  the  second,  and 
partly  over,  and  partly  under  the  first ;  when  it  passes  into 
the  chimifey.  The  wall  before  mentioned,  which  divides 
the  furnace  longitudinally,  answers  the  double  purpose  of 
lengthening  the  course  which  the  flame  and  heated  air 
have  to  traverse,  giving  off  heat  to  the  boiler  in  their  pas- 
sage, and  of  securing  from  being  destroyed  by  the  fire  the 
flanges  or  other  joinings  employed  to  unite  the  smaller 
tubes  to  the  main  cylinder.  The  ends  of  the  smaller  cylin- 
dric  tubes  rest  on  the  brick-work  which  forms  the  sides  of 
the  furnace,  and  one  end  of  each  of  them  is  furnished  with 
a  cover,  secured  in  its  place  by  screws,  or  any  other  ade- 
quate means,  but  which  can  be  taken  off  at  pleasure,  to 
allow  the  tubes  to  be  freed  from  time  to  time  from  any  in- 
crustation or  sediment  which  may  be  deposited  in  them. 
To  any  convenient  part  of  the  main  cylinder  a  tube  is 
affixed,  to  convey  the  steam  to  the  steam  engine,  or  to  any 
vessel  uitended  to  be  heatcNl  by  means  of  steam. 

'^  When  very  high  temperatures  are  not  to  be  employed, 
the  kind  of  boiler  just  described  is  found  to  answer  very 
well ;  but  where  the  utmost  force  df  the  fire  is  desirable, 
Mr.  Woolf,  for  a  reason  which  shall  be  afterwards  men- 
tioned, combines  the  parts  in  a  manner  somewhat  different, 
though  the  same  in  principle. 

^^  In  fig.  2,  A  is  the  main  cylinder  crossing  the  smaller 
cylinders  aaa^  halfway  between  their  middles  and  ends, 
but  not  joined  to  any  of  them,  excepting  the  middle  one  at 
the  points  at  which  it  crosses  them.  It  is  put  in  this  place 
that  it  may  come  over  that  part  of  the  furnace,  S  S  S,  fig. 
1,  through  which  the  flame  first  passes,  and  receive  its 
direct  action,  which  it  does  over  nearly  a  half  of  its  surface, 
as  may  be  seen  by  looking  at  the  vertical  section,  ASS, 
fig.  1.  The  smaller  cylinders  have  a  communication  with 
the  main  cylinder  in  the  following  manner : — Three  cylin- 
ders, C  C  C,  are  placed  parallel  to  the  main  cylinder.  A, 
over  the  part  of  the  furnace  by  which  the  flame  returns, 
in  such  a  manner  that  each  of  the  cylinders,  C  C  C,  takes* 
in  three  of  the  smaller  cylinders,  a  a  a,  beiu«;  united  to 
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I  and  coonected  with  .tbem.    The  cylinders,  C  CC,  have  a 

I  diiect  commuiiicatioii  with  the  main  cylinder,  A,  by  the 

F  pipes  or  tubes,  P  P  P,  as  may  be  better  seen  by  the  cross 

k  vertical  section,  fig.  1.     The  three  tubes  C  C  C,  are  pre^ 

!  ferred  to  one  long  tube,  to  prevent* any  derangement  tak- 

i  ing  place  in  the  furnace  or  in  the  tubes,  by  the  expansion 

I  or  contraction    occasioned    by  ohangiBsi  of  temperature, 

\  which  is  more  considerable  in  one  tube  of  the  whole  length 

;  of  the  furnace,  than  when  divided  into  three  portions ;  and 

^  it  is  for  the  same  reason  that  the  tube  A  is  not  made  to 

s  communicate  directly  with  the  smaller  tubes,  a  a  a,  but 

i  mediately,  by  means  of  the  tubes  marked  C  and   P.-^ 

N.  B.  The  two  outermost  of  the  tubes  marked  P,  instead  of 
I  going  parallel  to  the  middle  tube,  P,  may  be  both  inclined 

towards  it,  so  as  to  join  the  cylinder  A  near  the  middle ; 
or  any  other  direction  may  be  given  to  them,  to  prevent  de- 
rangement by  expansion. 

^^  The  tubes  C  and  a  are  kept  from  separating  by  bolts 
from  the  inside  of  a  passing  through  the  top  of  C,  where 
they  are  secured  by  nuts  screwed  on  to  them,  (see  fig.  3^) ; 
and  these  parts  of  C  are  so  contrived,  that  by  taking  off  any 
of  the  nuts  a  cover  may  be  removed,  and  a  hole  presen* 
ted  large  enough  to  admit  a  man's  hand  into  C,  to  clean  it 
out, 

^^  Fig,  3.  is  a  longitudinal  vertical  section  of  the  furnace,^ 
tj^rough  the  centre,  showing  the  course  which  the  flame 
and  heated  air  are  forced  to  take.  The  first  three  small 
cylinders  are  completely  surrounded  with  flw^e,  being 
directly  over  the  fire :  the  flame  is  stopped  by  the  brick- 
work, W,  over  the  fifth,  and  forced  to  pass  und^r  it,  and 
then  over  the  sixth,  where  it  again  meets  with  an  inter- 
ruption, which  forces  it  to  go  under  the  seventh,  and  over 
the  eight ;  it  then  turns  round  the  end  of  the  longitudinal 
wall  which  divides  the  furnace,  and  passes  over  the  eighth 
smaller  cylinder,  under  the  seventh,  and  so  on,  alternately^ 
over  and  under  the  other  tubes,  till  it  reaches  the  chimney.. 
The  wall  that  divides  the  furnace  may  be  seen  in  fig.  2. 

^^  To  secure  a  free  communication  between  the  different 
parts  of  the  boiler^  the  three  tubes  of  the  middle  cylind9r. 
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C.  are  connected  whfa  those  of  the  two  exterior  C*8,  by  two 
pipes,  o  o.  The  other  ends  of  the  tubes,  a  aOy  are  each 
fitted  with  a  cover  properly  secured  and  bolted*  but  which 
can  be  taken  off  occasionally/  to  clean  out  the  boiler. 

^^  In  working  with  such  boiiers,  the  water  carried  off  by 
evaporation  is  replaced  by  water  forced  in  by  the  usual 
means ;  and  the  steam  generated  is  carried  to  the  place 
intended  by  means  of  tubes  connected  with  the  upper  part 
of  the  cylinder  A. 

"  It  may  not  be  improper,'*  says  Mr.  Woolfy  **  to  call 
the  attention  of  those  who  may  hereafter  wish  to  construct 
such  apparatus,  to  one  circumstance;  namely,  that  in  every 
case  the  tubes  composing  the  boiler  should  be  so  combined 
and  arranged,  and  the  furnace  so  constructed,  as  to  make 
the  fire,  the  flame,  and  the  heated  air,  to  act  around,  over,  and 
among  the  tubes,  embracing  Ihe  largest  possible  quantity 
of  their  surface.     It  must  be  obvious  to  any  one  that  the 
tubes  may  be  made  of  any  kind  of  metal ;  but  I  prefer  cast- 
iron  as  the  most  convenient.    The  sise  of  the  tubes  may 
be  varied :  but,  in  every  casej  care  should  be  taken  not  to 
make  their  diameter  too  great ;  and  it  must  be  oeinembered 
that  the  larger  the  diameter  of  any  single  tube*  Jn  such  a 
boiler,  the  stronger  it  must  be  made  in  proportion,  to 
enable  it  to  bear  the  same  expansive  force  as  the  smaller 
cylinders.     It  is  not  essential,  however,  to  my  invention 
that  the  tubes  should  be  of  different  sizes;  but  I  prefer 
that  the  upper  cylinders,  especially  the  one  which  I  call 
the  main  cylinder,  should  be  larger  than  the  lower  ones, 
it  being  the  reservoir,  as  it  were,  into  which  the  lower 
ones  send  the  steam,  to  be  thence  conveyed  away  by  the 
steam  pipe  or  pipes.    The  following  general  direction  may 
be  given  respecting  the  quantity  of  water  to  be  kept  in  a 
boiler  in  my  construction :  it  ought  always  to  fill  not  only 
the  lower  tubes,  but  the  main  cylinder,  A,  and  the  cylinder^ 
C,  to  about  half  their  diameter,  that  is,  as  high  as  the  fire 
is  allowed  to  reach,  and  in  no  case  ought  it  to  be  allowed 
to  get  so  low  as  not  to  keep  full  the  necks  Or  branches 
which  join  the  smaller  cylinders,  marked  iVith  the  letter 
a,  to  the  cylinders  A  or  C;  for  the  fire  is  only  beneficially 
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employed  when  applied,  through  the  medium  of  the  intern- 
posed  metal,  to  water,  to  convert  it  into  steam :  that  is, 
the  purpose  of  my  boiler  would,  in  some  measure,  be  de« 
fbated,  if  any  of  the  parts  of  the  tubes  exposed  to  the 
direet  action  of  the  fire,  should  present  in  their  interior  a 
surface  of  steam  instead  of  trater,  to  receive  the  transmitted 
heat  which  must,  more  or  less,  be  the  case,  if  the  lower 
tubes,  and  even  a  part  of  the  upper,  be  not  kept  filled  with 
the  liquid. 

'^  As  to  the  construction  of  the  furnaces,  though  that 
must  be  obvious  from  the  drawings,  it  may  not  be  improper 
here  to  remark,  that  they  should  always  be  so  built  as  to 
give  a  long  and  waving  course  to  the  flame  and  heated 
air,  or  vapour,  forcing  them  the  more  efi^ectually  to  strike 
against  the  sides  of  the  tubes  which  compose  the  boiler, 
and  so  to  give  out  a  large  portion  of  their  heat,  before  they 
reach  the  chimney :  unless  this  be  attended  to,  there  will 
be  a  much  greater  waste  of  fuel  than  necessary ;  and  the 
beat,  communicated  to  the  contents  of  the  boiler,  will  be 
less  from  a  given  quantity  of  fuel. 

^'  My  invention  is  not  only  applicable  to  all  the  uses  to 
which  the  boilers  in  common  use  are  generally  applied, 
but  to  all  of  them  with  much  better  effect  than  the  latter ; 
and  can,  besides,  be  applied  to  purposes  in  which  boilers, 
constructed  as  they  have  hitherto  been,  would  be  of  little 
or  no  use.  The  working  of  all  kinds  of  steam  engines  is 
one  important  application  of  my  invention ;  for  the  steam 
may  be  raised,  in  a  boiler  constructed  in  the  manner  before 
described,  to  such  a  temperature,  and  consequently  to  such 
an  expansive  force,  as  to  work  an  engine  even  without 
condensing  the  steam,  by  simply  allowing  it  to  escape  into 
the  atmosphere  after  it  has  done  its  office,  as  proposed  by 
Mr.  Jasftes  Watt,  in  the  specification  of  bis  patent,  dated 
January  5, 1769,  whence,  he  says,  engines  may  be  worked 
by  the  force  of  steam  only,  by  discharging  the  steam  into 
the  open  air.  In  all  cases  where  it  is  desirable  to  heat  or 
boil  water,  or  other  fluids  and  substances,  without  tlie 
direct  application  of  fire  to  the  vessel  or  vessels  containing 
them,  which  in  such  cases  become  secondary  boilers,  the 
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use  of  my  apparatus  will  produce  superior  to  any  obtained 
by  any  other  means,  no  more  being  necessary  than  to  make 
the  vessels,  or  secondary  boiler,  containing  the  water  or 
other  fluids,  and  the  substances  immersed  or  dissolved  in, 
or  blended  or  mixed  with  the  water  or  other  fluids,  to 
communicate,  by  means  of  a  tube  or  tubes,  \Hith  the  prime 
boiler,  constructed  in  the  manner  before  described.     In 
such  cases  as  in  making  extracts  of  every  kind,  for  the 
various  purposes  of  arts  and  manufactures,  and  for  the 
simple  boiling  of  water  or  watery  fluids,  the  steam  should 
go  directly  into   the  vessel   or  secondary  boiler,   whose 
contents  are  to  be  heated  or  boiled ;  and  the  orifice  or 
orifices  of  the  pipe  or  pipes  through  which  the  steam  is 
conveyed,  should  go  to  a  considerable  depth  in  the  fluid, 
that  the  steam  may  be  better  able  to  give  off  its  heat,  and 
be  condensed  before  it  can  reach  the  surface ;  and  in  every 
such  case  an  allowance  should  be  made  for  the  increase 
which  will  be  made  to  the  quantity  of  liquid  in  the  vessel 
to  be  heated,  by  the  quantity  of  steam  which  will  be  con- 
densed in  the  same  before  the  process  be  ended.     The 
vessels  into  which  the  steam  is  thrown  may  be  either  open 
or  close,  as  the  nature  of  circumstances  may  require:  but 
where  extracts  are  to  be  made  from  vegetable  or  other 
matters,  from  which  extracts  are  or  may  be  made,  as  from 
hops,  bark,  drugs,  and  dry  stuffs,  for  brewing,  tanning, 
dyeing,  and  other  processes,  the  materials  will  be  much 
more  completely  exhausted  of  all  their  valuable  parts; 
and  in  many  instances  they  will  be  completely  dissolved 
by  employing  close  vessels,  which,  in  that  case,  must  be 
made  very  strong,  a  thing  not  difficult  to  be  accomplished, 
when  it  is  recollected  that  they  may  be  at  a  distance  from, 
and  consequently  out  of  the  power  of  being  deranged  by 
the  fire ;  and  that  they  may  be  surrounded  with,  and,  as  it 
were,  buried  in  massy  stone  or  brick  work,  in  addition  io 
other  and  obvious  means  of  securing  them.    My  apparatus 
so  employed,  becomes,  in  fact,  an  improved  Papin's  di- 
gester on  a  large  scale.     I  do  not  wish  to  be  underatood  as 
claiming  the  merit  of  having  been  the  first  who  applied 
steam  in  the  manner  just  described  to  boil  water  and  other 
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fluids,  but  merely  as  pointing  out  an  important  use  to 
\vhich  my  apparatus  is  applicable,  and  in  which  the  effect 
obtained  will  be  much  greater  than  by  any  other  means. 

^^  Another  important  use  to  which  my  invention  can  be 
applied  with  better  eflfect  than  the  means  now  in  use,  is 
that  of  distillation  on  the  large  scale;  and  that  by  either 
sending  the  steam  directly  into  and  among  the  contents  of 
the  still  or  alembic,  or  by  enclosing  the  still  in  another 
vessel,  and  making  the  steam  of  a  high  temperature  to 
circulate  in  and  to  occupy  the  space  between  the  exterior 
surface  of  the  still,  and  the  interior  surface  of  the  con- 
taining vessel.  In  either  case,  all  danger  of  burning  or 
singeing  the  materials  operated  upon  is  done  away,  and  a 
much  more  pleasant  and  pure  spirit  will  be  obtained  than 
by  the  methods  now  in  common  use.  I  need  not  stop  here 
to  show  the  reason  why,  even  in  the  case  of  throwing  the 
steam  directly  into  the  still,  the  spirituous  part  will  be  the 
first  to  rise  and  pass  over  into  the  receiver. 

^^  I  might  mention  many  other  useful  applications  that 
may  be  made  of  my  invention ;  but  I  shall  only  state  one 
more,  namely,  to  the  drying  of  gunpowder,  and  lessening 
the  danger  of  explosions  in  the  manufacture  of  that  article. 
By  means  of  my  invention  any  desired  temperature,  ne- 
cessary for  that  purpose,  may  be  produced  where  the 
powder  is  to  be  dried,  without  the  necessity  of  having  fire 
in,  or  so  near  the  place,  as  to  endanger  its  safety ;  for  by 
employing  steam  only,  conveyed  through  pipes,  and  pro- 
perly applied  and  directed,  without  allowing  any  of  it  to 
escape  into  the  room  or  apartment  where  the  powder  is^ 
any  competent  workman  can  produce  a  heat  equal  to  that 
found  necessary  for  drying  gunpowder,  or  much  higher,  if 
rcq  uired.  Nor  is  the  lessening  of  the  danger  of  explosions 
th^  only  advantage  which  this  way  of  drying  gunpowder 
holds  Dut;  it  presents  another,  and  an  essential  one  for  the 
goodness  of  the  article;  the  heat  can  be  completely  regu- 
lated, so  as  to  prevent,  or  at  least  lessen,  the  partial  de- 
composition of  the  powder  by  the  sublimation  of  the  sul- 
phur, which  is  found  to  take  place  by  the  methods  at 
present  in  use." 
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We  hare  bad  frequent  opportaoitieg  of  inspecting  this 
excellent  apparatus,  and  can,  therefore,  speak  with  confi. 
dence  of  its  utiUty.  One  engine  of  Mr.  Woolfs  ia  now 
used  by  Mr.  Smart,  of  Lambeth  Marsh,  with  such  a  boiler 
to  drive  a  saw  mill,  and  is  principally  kept  going  by  em- 
ploying the  saw-dust  from  the  mill  as  ftel.  Two  safety 
valves  or  steam  regulators  are  genr«^lly  used,  the  plan  ot 
"ihirh  is  ingenious. 


)< 
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A  in  the  preceding  figure  is  a  part  of  the  main  cylinder 
of  one  of  Mr.  Woolfs  boilers ;  B  B  the  neck  or  outlet  for 
the  steam,  surmounted  by  the  sleam  box  C,  which  is  joioed 
to  the  neck  B  B  by  the  flanges  a  a.  The  top  or  cover  of 
the  steam  box  C,  marked  with  the  letter  D,  which  is  well 
secured  in  its  place,  has  a  hole  through  it  for  the  rod  of 
the  valve,  so  contrived  as  to  answer  the  purpose  of  a 
ItuiSng  box,  to  make  the  rod  work  up  and  down  steam- 
tight,  the  stuffing  being  kept  in  its  place  by  the  usual 
means,  as  shewn  in  the  section.     By  means  of  a  pin  or  nail 
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bj  and  the  two  Tertical  pieces  e  e,  the  piston  rod  is  made 
fhst  to  m,  which  is  a  cover  of  and  joined  to  the  hollow 
cylinder  n  n.  The  cover  m  fits  steam-tight  into  the  collar 
o  Oy  which  is  made  fast  to  the  flanges  a  a.  The  cylinder 
n  n  is  open  at  the  bottom^  having  a  free  communication 
with  the  main  cylinder  A,  and  has  three  vertical  slits,  one 
of  which,  S,  is  shewn  in  the  diagram.  The  sum  of  the 
surface  of  all  these  slits  or  openings  is  equal  to  the  area 
of  the  opening  of  the  collar  o  o,  in  which  the  cylinder  n  » 
works.  When  the  steam  acquires  a  sufficient  degree  of 
elastic  force  to  raise  the  valve  (that  is,  the  cylinder  n  n 
with  its  cover  m,  and  the  rod  R,)  and  whatever  weight  it 
may  be  loaded  with,  then  the  openings  S,  getting  above 
the  steam-»tight  collar  o  o,  allow  the  steam  to  pass  into  the 
steam  box  C.  The  quantity  of  steam  that  passes  is  pro* 
portioned  to  the  elastic  force  it  has  acquired,  and  th9 
weight  with  which  the  valve  is  loaded ;  and  the  rise  of  the 
openings  S  above  the  collar  o  o,  will  be  in  the  same  pro* 
portion.  This  valve  may  be  loaded  in  any  of  the  usual 
methods ;  but  Mr.  Woolf  prefers  the  one  shewn  in  the 
drawing,  in  which  the  upper  part  of  the  rod  R  is  joined 
by  means  of  a  chain  to  a  quadrant  of  a  circle  Q  with  an 
arm  projecting  from  it,  as  represented  in  the  plate,  and 
which  carries  a  weight  Z,  that  may  be  moved  nearer  to  or 
farther  from  the  centre  of  ihe  quadrant,  according  as  the 
pressure  of  the  valve  is  wished  to  be  increased  or  di* 
minished.  As  the  valve  rises,  the  weight  moves  upwards 
in  the  arch  n  n,  giving  an  increased  resistance  to  the  far* 
ther  rising  of  the  valve,  proportioned  to  the  greater  bori< 
nental  distance  from  the  centre  of  Q,  which  the  weight 
attains  by  its  side  in  the  said  arch,  the  said  distance  being 
measured  in  the  line  O  P  passing  through  the  centre  of 
the  weight*  Thus,  if  the  weight  Z  presses  with  a  force 
equal  to  twenty  pounds  on  the  square  inch  of  the  aperture 
in  O  O  in  its  present  position,  it  will,  when  it  rises  to  the 
position  t,  press  with  a  force  equal  to  thirty  pounds,  and 
at  P,  with  a  force  equal  to  forty  pounds  on  the  square 
inch,  so  that  the  rod  Q  Z  may  be  made  to  serve  at  the  same 
time  as  an  index  to  the  person  who  attends  the  fire,  nothing 
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more  being  necessary  for  this  purpose  than  to  graduate 
the  arch  described  by  the  end  of  the  rod  Q  Z.  In  the  side 
of  the  steam  box  C  there  is  an  opening  N,  to  allow  the 
steam  to  pass  from  it  by  a  pipe  or  tube  to  the  steam  engine, 
or  to  any  secondary  boiler,  or  for  the  purpose  of  conveying 
and  applying  it  to  any  other  vessel  or  use  to  which  steam 
is  applicable. 

Hornblower's  second  Rotative  Engine  differs  materially 
from  his  former  one;  it  is  represented  in  the  annexed 
figures,  and  consists  of 

A  vessel  in  which  the  steam  operates,  made  of  cast-iron, 
extremely  resembling  a  globe,  flatted  at  the  poles,  (see 
fig.  1)  which  shows  one  of  its  sides,  the  other  being  similar 
to  it.  Fig.  3.  is  a  representation  of  the  parts  of  the  machine 
which  move  round  within   the  steam  vessel,  and  fig.  2. 
represents   the  interior  of  fig.  1,  with  its  lid  removed. 
The  pipe  A,  at  fig.  i,  receives  the  steam  from  the  boiler, 
to  which  is  connected  a  valve  box,  of  any  usual  construc- 
tion, by  which  to  regulate  the  admission  of  steam.     At  B 
the  eduction  pipe  is  connected,  leading  from  the  upper 
apartment  to  the  condensing  apparatus,  and  turning  in 
such  a  direction  as  may  be  most  convenient  for  the  dis- 
charging pump  to  be  wrought  by  means  of  an   arbor, 
turned  by  the  axle  of  the  machine;  on  which  arbor  is  a 
small  fly-wheel,  for  the  purpose  of  regulating  the  ine- 
quality of  the  crank  to  which  the  pump  rod  is  attached. 
D  D  is  a  middle  part  of  the  steam  vessel,  furnished  with 
flanges  for  the  purpose  of  screwing  it  to  E  E,  apd  also  for 
receiving  the  lid ;  by  which  means  the  partition  within  is 
secured  to  its  place,  in  the  middle  of  the  machine,  and  the 
lid  may  easily  be  removed  for  the  purpose  of  rectifying 
and  repairing  the  internal  structure.     6  is  the  square  part 
of  one  end  of  the  axis  of  the  machine,  over  which  is  placed 
a  gland  H,  divided  into  parts,  in  order  that  it  may  be  put 
on  over  the  square,  and  properly  embrace  the  round  part 
of  the  axis.     Within  this  gland  is  a  stuffing  box,  for  the 
purpose  of  keeping  the  axle  both  air  and  steam  tight*    In 
one  side  of  the  lower  apartment  of  the  steam  vessel  is  a 
small  opening,  secured  by  a  lid,  for  the  purpose  of  cleaning 
ihat  part  of  the  machine. 
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Fig.  2  represents  the  partition  within  the  steam  vessel, 
which  may  be  made  either  of  brass  or  iron^  or  of  both  those 
metals  combined.     B  B  is  the  lower  flange,  the  upper  part 
being  taken  away.    C  C  are  the  two  openings  or  passages 
for  the  vanes :  these  the  inventor  calls  vane-ports,  and  to 
obtain  a  proper  idea  of  their  figure,  it  must  be  observed 
that  the  largest  vane-port  is  formed  by  the  exterior  por- 
tions of  two  cones  z,  and  at  y,  by  a  portion  of  the  concave 
part  of  a  sphere.    The  extent  of  this  passage  throughout 
must  at  least  be  equal  to  ninety  degprees  of  a  circle,  and 
the  vanes  of  a  sufficient  width,  so  that  two  of  them  ma; 
always  make  their  entrance  into  the  vane-ports  before  the 
other  two  make  their  exit.     The  edge,  c  c,  may,  therefore, 
be  supposed  to  descend  into  the  lower  apartment  one  half 
of  its  depth,  and  to  rise  the  other  half  to  meet  the  eye; 
but  it  is  not  necessary  that  z  be  so  deep  all  the  way  as  y, 
but  converge  towards  the  centre  of  the  machine.     This  is 
the  asoending  vane-port ;  the  descending  one  is  included 
between  D  D,  which  are  rabbets  or  seatings  for  receiving 
a  packing;  and  x  represents  a  rising  edge,  so  as  to  obtain 
a  depth  at  least  equal  to  the  thickness  of  the  vanes;  one 
half  of  which  edging  is  below,  and  the  other  half  above 
the  main  axis.     These  edges  receive  two  metal  plate?, 
fixed  down  with  screws  on  them,  for  the  purpose  of  con- 
fining the  packing.    The  part  E  is  also  formed  spherically, 
and  is  provided  with  a  packing  groove,  which  meets  the 
edge  of  metal  in  the  middle  of  the  vanes,  ifc.  Fig.  3.    FF 
is  the  main  axle  of  the  machine,  laid  in  its  place  without 
the  vanes ;  one  end  of  which  is  to  perform  the  work  re- 
quired, and  the  other  is  applied  to  the  discharging  pump* 
At  D  D  the  packing  extends  to  W  W,  so  as  to  embrace 
the  nave  as  well  as  the  descending  vane,  by  which  means 
both  the  nave  and  the  vanes  move  steam-tight  in  their 
revolutions,    t;  t;  t;  t;  is  that  part  of  the  partition  which 
forms  a  plane  at  the  axis  of  the  globe,  and  is  secured  in  its 
place  by  being  seated  in  a  rabbet  with  the  usual  jointing 
materials  on  the  interior  margin  of  the  steam  vessel.    G  (x 
are  two  brasses  let  down  into  the  partition,  and  they  are 
raised  or  depressed  by  screws,  as  adjustment  may  require. 
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Atit  spaces  are  left  for  packing  round  the  axle:  and  the 
upper  brasses  which  keep  down  the  axle  serve  also  to  keep 
*t  in  its  place.  At  H  H  are  the  stuffing  boxes  mentioned 
m  fig.  1 ;  they  have  a  division  plate  of  metal  in  them,  so 
thats  8  being  supplied  with  steam  from  the  valve  box,  the 
packing  of  each  aide  of  these  vacuities  is  rendered  air- 
tight. The  manner  in  which  the  partition  and  vane-ports 
are  constructed,  is  by  rivetting  the  two  parts  t;  t;  t;  t;,  to- 
gether, by  means  of  flanges  at  1 1,  first  having  mounted 
them  on  an  axis,  to  correct,  by  turning,  (either  by  hand  or 
otherwise,)  the  want  of  smoothness  and  truth  from  the 
casting;  and  when  this  is  done,  the  main  axle  is  fixed  to 
its  place  as  a  guide  by  which  to  set  up  the  four  vanes,  as 
at  fig.  3,  where,  by  a  mere  inspection,  it  is  plain  how  this 
is  performed*  The  open  vane  exhibits  a  frame  of  metal, 
which  receives  a  plate  on  each  side :  these  plates,  with  the 
edge  of  metal,  K,  cast  with  the  frame,  form  grooves  and 
vacuities  to  receive  the  packing.  The  nave  being  hollow 
receives  two  iron  axles,  which  are  curved  in  the  middle, 
and  there  cross  each  other. 

The  manner  in  which  they  receive  the  vanes  is  shown 
by  the  figure ;  also  how  the  packing  renders  them  steam- 
tight  on  the  spherical  part  of  the  nave,  and  that  when  one 
of  them  is  moved,  its  opposite  vane  on  the  same  axle  must 
also  be  moved.  The  main  axle  is  turned  true  by  rivetting 
the  two  parts  together  at  the  nave,  and  re-rivetting  them 
after  the  cross  axles  are  set  in  their  places.  All  the  several 
parts  of  the  machine  being  then  put  in  their  respective 
situations,  it  is  very  evident  that  when  steam  is  admitted 
into  the  lower  apartment,  the  rising  vane,  which  occupies 
the  largest  passage,  must  overpower  the  other  in  its 
descent ;  and  that,  if  by  any  means  one  of  the  vanes  be 
turned  a  quarter  of  a  revolution,  it  roust  at  the  same  time 
carry  with  it  the  one  which  is  connected  on  the  opposite 
side  of  the  nave ;  and  this  turning  is  effected  by  fixing  with 
screws  a  block  of  wood,  on  the  partition  at  K,  in  the  form 
of  a  strong  bracket.  This  block  will  not  permit  the  as- 
cending vane  to  pass  it  without  being  turned  on  its  eilge, 
by  which  means  the  one  below  id  turned  at  the  same  time, 
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to  present  its  broad  surface  to  the  large  vane-port.  It  may 
be  necessary  to  remark,  that  when  the  machine  is  to  be  set 
at  work,  the  steam  is  not  admitted  into  the  upper  apart- 
ment of  the  vessel,  to  exclude  the  air,  but  enters  imme- 
diately from  the  valve  box  to  the  eduction  or  discharging 
pipe,  in  order  to  preserve  the  grease  which  is  made  use  of 
to  lubricate  the  internal  moveable  mechanism  of  the 
engine. 

We  cannot  express  our  opinion  on  this  ingenious  machine 
better  than  in  the  words  of  Dr.  Gregory,  who  says— 

^^  Is  there  not  some  ground  for  fear  that  in  this  con- 
trivance, besides  the  force  lost  by  the  action  of  the  steam 
upon  the  edges  of  the  vanes,  there  will  be  considerable 
loss  arising  from  the  greater  friction  attending  its  opera- 
tions than  those  of  a  common  steam  engine  ?  In  this  steam 
wheel  there  will  be  a  great  quantity  of  rough  surface 
(that  of  the  stuflSng)  exposed  to  fi*equent  contact,  and 
consequent  resistance  to  the  moving  from  the  fixed  parts ; 
besides,  as  the  stufl^  parts  are  here  of  great  extent,  with 
regard  to  the  magnitude  of  the  machinery,  and  exhibit 
rapid  variations  of  shape,  they  niay,  when  brought  into 
constant  work,  be  found  difficult  to  keep  in  order."* 

Mr.  R.  Wilcox,  of  Bristol,  obtained  a  patent,  in  1804, 
for  lessening  the  consumption  of  fuel,  by  using  steam  of 
greater  elasticity  than  common :  he  proposed  in  some  in- 
stances to  raise  his  steam  to  the  pressure  of  190  pounds  on 
the  square  inch. 

Mr.  Woolf 's  steam  engine  is  a  most  ingenious  application 
of  a  property  which  steam  possesses :  it  is  founded  on  a 
very  important  discovery  which  he  made  respecting  the 
expansibility  of  steam  when  increased  in  temperature 
beyond  the  boiling  point,  or  212®  of  Fahrenheit's  ther* 
mometer.  It  had  been  kHown  for  some  time  (and  for  this 
discovery  the  world  is  indebted  to  Mr.  Watt,)  that  steam, 
acting  with  the  expansive  force  of  four  pounds  the  square 
inch  against  a  safety  valve  exposed  to  the  atmosphere,  is 
capable  of  expanding  itself  to  four  times  the  volume  it 

*  Gregory^s  MechanicB.  Art.  Bteam  Engine. 


WOOLF^S  BXPERIMBNT8.  171 

then  occupies,  and  still  to  be  equal  to  the  pressure  of  the 
atmosphere.  Mr.  Woolf  discovered  that,  in  like  manner, 
steam  of  the  force  of  five  pounds  the  square  inch  can 
expand  itself  to  five  times  its  volume;  that  masses  or 
quantities  of  steam,  of  the  like  expansive  force  of  six,  seven, 
eight,  nine,  or  ten  pounds  the  square  inch,  can  expand  to 
six,  seven,  eight,  nine,  or  ten  times  their  volume,  and  still 
be  respectively  equal  to  the  atmosphere,  or  capable  of 
producing  a  sufficient  action  against  the  piston  of  a  steam 
engine  to  cause  the  same  to  rise  in  the  old  engine  with  a 
counterpoise  of  Newcomen,  or  to  be  carried  into  the 
vacuous  part  of  the  cylinder  in  the  engines  of  Messrs* 
Boulton  and  Watt;  that  this  ratio  is  progressive,  and 
nearly  (if  not  entirely)  uniform ;  so  that  steam  of  the  ex- 
pansive force  of  20,  30,  40,  or  50  pounds  the  square  inch 
of  a  common  safety  valve,  will  expand  itself  to  20,  30,  40, 
or  50  times  its  volume;  and  that,  generally,  as  to  all  the 
intermediate  or  higher  degrees  of  elastic  force,  the  number 
of  times  which  steam  of  a  given  temperature  can  expand 
itself  is  nearly  the  same  as  the  number  of  pounds  it  is  able 
to  sustain  on  a  square  inch  exposed  to  the  common  atmos- 
pheric pressure ;  pro^id*.  d  always  that  the  space,  place,  or 
veesel,  in  which  it  is  alL  wed  to  expand  itself,  be  of  the 
same  temperature  as  that  of  the  steam  before  it  be  allowed 
room  to  expand. 

Respecting  the  different  degrees  of  temperature  required 
to  bring  steam  to,  and  n  aintain  it  at  different  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf 
found,  by  actual  experiment,  setting  out  from  the  boiling 
point  of  water,  viz.  212®,  at  which  degree  steam  of  water  is 
only  equal  to  the  pressure  of  the  atmosphere ;  that,  in  order 
to  give  it  an  increased  elastic  force  equal  to  five  pounds  the 
square  inch,  the  temperature  must  be  raised  to  above  227f, 
when  it  will  have  acquired  a  power  to  expand  itself  to  five 
times  its  volume,  still  equal  to  the  atmosphere,  and  capable 
of  being  applied  as  such  in  the  working  of  steam  engines, 
according  to  the  invention ;  and  with  regard  to  various 
other  pressures,  temperatures,  and  expansive  forces  of 
steam,  the  same  are  shown  in  the  following  table: — 
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and  so  in  like  manner,  by  small  additions  of  temperature^ 
an  expansive  power  may  be  given  to  steam,  to  enable  it  to 
expand  to  50,  60,  70,  80,  90, 100,  800,  300,  or  more  times 
its  volume,  without  any  limitation  but  what  arises  from 
the  frangible  nature  of  every  material  of  which  boilers 
and  other  parts  of  steam  engines  have  been  or  can  be  made  r 
and  prudence  dictates  that  the  expansive  force  should 
never  be  carried  to  the  utmost  the  materials  can  bear,  but 
rather  to  be  kept  considerably  within  that  limit. 

Having  thus  briefly  explained  the  nature  of  Mr.  Woolf  ^s 
discovery,  we  shall  proceed  to  give  a  description  of  his 
improvements  grounded  thereon.  Mr.  Woolf,  in  his  spe- 
cification, states, — that  in  describing  his  invention,  be 
has  found  it  necessary  to  mention  the  entire  steam  engine 
and  its  parts,  to  which,  as  an  invention  well  known,  he 
neither  can  nor  does  assert  any  exclusive  claim :  he  ob- 
serves,  however,  that  from  the  nature  of  the  aforesaid  dis- 
covery and  its  application,  there  can  be  no  diiRcuIty  in 
distinguishing  his  said  improvements  from  the  improved 
engine  of  Mr.  Watt,  as  to  its  other  coinmon  and  well-known 
parts;  and  then  gives  the  following  account  of  an  engine, 
embracing  his  new  improvements. 

^^  If  the  engine  be  constructed  originally  with  the  in- 
tention of  adopting  my  said  improvement,  it  ought  to  have 
two  steam  vessels  of  different  dimensions,  according  to  the 
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temperature  or  the  expansive  force  determined  to  be  com- 
municated to  the  steam  made  use  of  in  working  the  engine; 
for  the  smaller  steam  vessel  or  cylinder  must  be  a  measure 
for  the  larger.  For  example :  if  steam  of  forty  pounds 
the  square  inch  be  fixed  on,  then  the  smaller  steam  vessel 
snould  be  at  least  one  fortieth  part  the  contents  of  the 
larger  one ;  each  steam  vessel  should  be  furnished  with  a 
piston,  and  the  smaller  cylinder  should  have  a  communica^^ 
tion  both  at  its  top  and  bottom  (top  and  bottom  employed 
here  as  relative  terms,  for  the  cylinders  merely  may  be 
worked  in  a  horizontal,  or  any  other  required  position,  as 
well  as  vertical) ;  the  small  cylinder,  I  say,  should  have  a 
communication,  both  at  its  top  and  bottom,  with  the  boiler 
which  supplies  the  steam,  which  communications,  by  means 
of  cocks  or  valves  of  any  construction  adapted  to  the  use, 
are  to  be  alternately  opened  and  shut  during  the  working 
of  the  engine.  The  top  of  the  small  cylinder  should  have 
a  communication  with  the  bottom  of  the  larger  cylinder, 
and  the  bottom  of  the  smaller  one  with  the  top  of  the 
larger,  with  proper  means  to  open  and  shut  these  alter- 
nately by  cocks,  valves,  or  any  other  well-known  con- 
trivance. And  both  the  top  and  bottom  of  the  large 
cylinder  or  steam  vessel  should,  while  the  engine  is  at 
work,  communicate  alternately  with  a  condensing  vessel, 
into  which  a  jet  of  water  is  admitted  to  hasten  the  conden- 
sation, or  the  condensing  vessel  may  be  cooled  by  any  other 
means  calculated  to  produce  that  effect.  Things  being 
thus  arranged,  when  the  engine  is  at  work,  srteam  of  high 
temperature  is  admitted  from  the  boiler  to  act  by  its  elastic 
force  on  one  side  of  the  smaller  piston,  while  the  steam 
which  hadOast  moved  it  has  a  communication  with  the 
larger  steam  vessel  or  cylinder,  where  it  follows  the  larger 
piston,  now  moving  towards  that  end  of  its  cylinder  which 
is  open  to  the  condensing  vessel.  JLet  both  pistons  end 
their  stroke  at  one^'^ime,  and  let  us  now  suppose  them  both 
at  the  top  of  their  respective  cylinders,  ready  to  descend ; 
then  the  steam  of  forty  pounds  the  square  inch  entering 
above  the  smaller  piston,  will  carry  it  downw;ards,  while 
ihe  steam  below  it,  instead  of  being  allowed  to  escape  into 
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the  atmosphere,  or  applied  to  any  other  purpose,  will  paas 
into  the  larger  cylinder  above  its  piston,  which  will  take 
its  downward  stroke  at  the  same  time  that  the  piston  of 
the  smaller  cylinder  is  doing  the  same  things ;  and  while 
this  goes  on,  the  steam  which  last  filled  the  larg^er  cylinder, 
in  the  upward  stroke  of  the  engine,  will  be  passing  into 
the  condenser  during  the  downward  stroke.     When  the 
pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  the 
top  and  admitted  to  the  bottom  of  the  smaller  cylinder, 
and  the  communication  between  the  bottom  of  the  smaller 
and  the  top  of  the  larger  cylinder  is  also  to  be  cut  off,  and 
the  communication  between  the  top  of  the  smaller  and 
bottom  of  the  larger  cylinder ;  the  steam,  which  in  the 
downward  stroke  of  the  engine  filled  the  larger  cylinder^ 
being  now  opened  to  the  condenser,  and  the  communica- 
tion  between  the  bottom  of  the  larger  and  the  condenser 
shut  off;  and  so  on  alternately,  admitting  the  steam  to  the 
different  sides  of  the  smaller  piston,  while  the  steam  last 
admitted  into  the  smaller  cylinder  passes  alternately  to 
the  different  sides  of  the  larger  piston  in  the  larger  cylin- 
der, the  top  and  bottom  of  which  are  made  to  communicate 
alternately  with  the  condenser. 

^^  In  an  engine  working  with  the  improvements  which 
have  been  just  described,  while  the  steam  is  admitted  to 
one  side  of  the  piston  in  the  smaller  cylinder,  the  steam  on 
the  other  side  has  room  made  for  its  admission  into  the 
larger  cylinder,  on  one  side  of  its  piston,  by  the  condensa* 
tion  taking  place  on  the  other  side  of  the  large  piston, 
which  is  open  to  the  condenser  ;  and  that  waste  of  steam 
which  takes  place  in  engines  working  only  by  the  expan- 
sive force  of  steam,  from  steam  passing  the  piston  in  the 
smaller  cylinder,  is  received  into  the  larger. 

'^  In  such  an  engine,  where  it  may  be  more  convenient  for 
any  particular  purpose,  the  arrangement  may  be  altered, 
and  the  top  of  the  smaller  made  to  communicate  with  the 
top  of  the  larger,  and  the  bottom  of  the  smaller  with  the 
bottom  of  the  larger  cylinder  ;  in  which  case,  the  only  dif- 
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ference  will  be,  that  when  the  piston  in  the  smaller  cylin- 
der descends,  that  in  the  larger  will  ascend,  which,  for 
some  particular  purposes,  may  be  more  convenient  than  the 
arrangement  before  described. 

It  will  at  once  be  seen  that  this  engine  of  Mr.  Woolfs 
'b  the  same  in  principle  as  Mr.  Homblower's,  described  at 
page  97,  which  we  have  shewn  to  possess  no  advantage, 
in  point  of  pou;er,  over  the  expansive  engine  of  Mr.  Watt. 
If  any  advantage  be  possessed  by  the  double  cylinder  prin- 
ciple, it  is,  that  the  force  is  more  uniform  in  it,  than  in 
Mr.  Watt's ;  for  in  the  latter,  if  the  force  begin  at  2,  it 
ends  at  1 ;  whilst  in  the  former,  if  it  begin  at  2,  it  ends  at 
1.5.  It  was  on  account  of  this  great  variation  of  power, 
that  Mr.  Watt,  in  his  patent  of  1782,  described  such  a  num- 
ber of  methods  for  regulating  the  action  of  the  engine. 

Mr.  Woolf  has  erected  several  engines  on  this  principle, 
which  have  been  found  to  perform  the  required  work  with 
a  considerable  saving  of  fuel.  In  1815,  the  effects  of  some 
of  those  engines  were  brought  into  comparison  with  those 
on  Mr.  Watt's  expansive  principle,  at  Cornwall.  Regular 
reports  have  since  been  made  by  Messrs.  I.  &  J.  Lean^ 
general  superintendents  at  some  of  the  Cornwall  mines, 
by  which  it  appears  that  there  is  an  immense  difference,  in 
the  effect  of  the  engines  of  Mr.  Watt  and  Mr.  Woolf, 
compared  to  the  quantity  of  coals  consumed  by  each  ;  the 
saving  being  in  Mr.  Woolf 's  favour.  It  should  be  ob- 
served, however,  that  Mr.  Woolf *s  engine  has  been  of 
more  recent  construction,  and  consequently  has  all  the  ad- 
vantages of  improved  workmanship  and  reduced  friction ; 
furthermore,  that  Mr.  Woolfs  boilers  are  undoubtedly 
calculated  to  raise  a  larger  quantity  of  steam,  by  a  given 
quantity  of  fuel,  than  those  on  the  common  principle;  and 
lastly,  that  Mr.  Woolfs  carries  the  expansive  principle  to 
a  much  greater  extent,  by  introducing  the  steam  into  the 
smaller  cylinder,  at  a  much  greater  pressure  per  square 
inch,  than  Mr.  Watt  ever  professed  to  do  ;  fi-om  which  it 
will  be  evident  that  the  advantages  of  saving  fuel,  men- 
tioned before,  will  be  obtained. 

Mr.  Woolf,  in  his  patent  of  1805,  proposed  to  use  oil  or 
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fat  lo  surround  his  cylinders  in  place  of  steam,  previous.} 
used  to  prevent  the  waste  of  caloric.  He  also  proposed 
to  surround  his  piston  with  mercury,  or  employing  upon  it 
such  a  column  as  might  counterbalance  the  pressure  of 
the  steam.  But  Mr.  Woolf  possesses  much  greater  claim 
to  notice  by  bis  invention  of  a  most  excellent  method  of 
tightening  the  packing  of  pistons.  It  is  well  known  that 
thepistonofasteamengine^bycontinued  working,  become* 
easy,  and  by  allowing  steam  to  escape  past  it,  occasions  a 
considerable  waste ;  so  that  it  is  necessary  in  the  commoD 
plan  to  take  off  the  top  of  the  cylinder,  in  order  to  get  ai 
the  screws,  or  supply  the  piston  with  fresh  packing. 

Mr.  Woolf  obviates  this  difficult  and  laborious  opera- 
tion by  a  method  of  tightening  the  screws,  without  in  the 
least  disturbing  the  cover  of  the  cylinder,  which  he  thus 
efiects. 

He  fastens  each  of  these  screws  into  a  small  wheel  - 
ccccc,  as  shewn  in  the  annexed  figure,  which  are  all  con- 
nected with  each  other  by  means  of  a  central  wheel  d  d, 
which  works  loose  upon  the  piston  rod  in  such  a  manner, 
that  if  one  of  the  small  wheels  be  turned,  it  turns  the  cen- 
tral  wheel,  and  the  latter  turns  the  other  four.  The  one 
that  is  to  be  first  turned  is  furnished  with  a  projecting 
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sqoare  bead,  which  rises  up  into  a  recess  in  the  cover  of 
the  cylinder.  This  recess  is  surmounted  by  a  cap  or  bon- 
net, which  being  easily  taken  off,  and  as  easily  put  again  io 
its  place,  there  is  little  difficulty  in  screwing  down  the 
puckiog  at  any  time.  The  parts  are  so  clearly  expressed 
in  the  drawing,  that  no  further  description  is  necessary  to 
make  any  person  comprehend  it. 

The  other  method  is  similar  in  principle,  but  a  little  dif- 
ferent in  construction.  Instead  of  having  several  screws 
all  worked  down  by  one  motion,  there  is  in  this  but  one 
screw,  and  that  one  is  a  part  of  the  pbton  rod  :  on  this  is 
placed  a  wheel  of  a  convenient  diameter,  the  centre  of 
which  is  furnished  with  a  female  screw.  This  wheel  is 
turned  round,  i.e.  screwed  down,  by  means  of  the  pinion  o, 
which  is  furnished  with  a  square  projection  head,  rising 
into  a  recess  of  the  kind  already  described.  The  ring  is 
prevented  from  turning  with  the  wheel  by  means  of  two 
steady  pins. 


Mr.  James  Boaz,  of  Glasgow,  obtained  a  patent  in  1H0&. 
for  a  machine  for  raising  water  on  a  plan  somewhat  simi- 
lar to  Savery's. 

a  3  a 
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(  Boaz's  Engine.    1805.) 

a  is  the  steam  cylinder ;  t,  the  pipe  from  the  boiler,  hav- 
ing a  stop  cock ;  k  a  waste  steam  cock  ;  e,  a  floating  piston 
attached  to  a  piston  rod.  E  a  pipe  which  generally  con- 
tains hot  water ;  /  water  pipe,  having  a  valve  at  g  im« 
mersed  in  the  well,  and  delivering  the  water  into  the 
reservoir  v,  through  a  valve  z.    The  air  which  accumu- 
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lates  in  the  receiver  escapes  at  it ;  t;,  the  raised  water  cis- 
tern ;  dy  rarifying  or  exhausting  vessel. 

The  engine  being  filled  with  mercury,  between  the  line 
dy  and  the  lower  part  of  the  cylinder  a,  and  the  remainder 
with  water,  shut  the  air  valve  z,  and  open  t ;  the  steam 
from  the  boiler  will  rush  into  the  receiver,  and  pressing 
on  the  surface  of  the  piston  forces  the  mercury  up  into 
the  exhausting  vessel  d.  The  water  above  c,  and  in  the 
pipes  Efy  will  be  forced  up  into  the  cistern  F>  in  a  quantity 
nearly  equal  to  the  space  occupied  by  the  steam  in  the  re- 
ceiver. When  the  piston  has  been  depressed  as  far  as  is 
necessary  for  its  stroke,  the  self-acting  mechanism  attached 
to  its  rod,  shuts  t,  and  opens  k;  and  the  mercury  being 
now  at  liberty  to  act  by  its  gravity,  descends  from  the  ex- 
hausting pipe,  and  raises  the  piston  to  its  first  position ; 
and  the  steam  which  pressed  it  downwards  being  liow 
allowed  to  flow  into  the  atmosphere,  the  fall  of  the  mercury 
from  d  into  a,  leaves  a  vacuum  in  d,  into  which  the  water 
in  the  well  is  pressed  by  the  atmosphere,  and  again  fills  it. 
The  valve  at  g^  prevents  its  return  to  the  well  in  the  ope* 
ration  of  forcing  ;  and  the  valve  z  prevents  its  fall  from 
the  cistern,  when  the  vacuum  is  made  in  d.* 

The  ingenuity  by  which  a  vacuum  is  obtained  in  this 
engine  will  be  quite  apparent.  The  great  difficulty  in  all 
the  modifications  of  Savery^s  engine  had  hitherto  been, 
that  great  waste  of  steam  was  occasioYied  by  its  being  ex- 
posed to  the  cold  water,  on  the  surface  of  which  it  had  to 
exert  its  force.  But  in  this  machine,  such  an  exposure  is 
avoided,  and  the  apparatus  is  as  simple  and  free  from  fric^ 
tion  as  anything  of  the  kind  we  have  ever  known.  We 
have  never  yet  seen  mercury  used  effectively  in  large 
quantities  in  a  steam  engine ;  but,  should  its  application 
here  be  found  to  be  attended  with  no  great  waste,  we 
doubt  not  but  that  this  engine  would  answer  the  purpose 
of  the  inventor. 

In  the  year  1805,  Mr.  John  Trotter,  of  London,  obtained 
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a  patent  for  a  Rotative  Engine,  which  may  be  thus    illus- 
trated. 


(Trotter's  &igiue.    180S.) 

A,  a  circular  piece  called  the  outer  harrel.  B  the  inner 
barrel.  C,  a  circular  piece  called  the  eccentric.  I^  a 
piece  called  the  sweep,  which  shuts  completely  across  the 
space  between  the  inner  and  outer  barrels,  so  as  to  inter- 
cept the  communication  in  that  part.  There  are  caps  or 
covers  at  each  end  of  the  pieces,  which  close  the  space  be- 
tween the  two  barrels,  and  serve,  by  grooves  or  other  well- 
known  fittings,  to  keep  the  other  parts  in  their  respective 
places. 

The  situations  and  motions  of  the  parts  herein  enume- 
rated  are  as  follow  : — 1st,  The  barrels  are  concentric, 
2ndly,  The  sweep  is  capable  of  moving  or  revolving  (either 
by  absolute  or  rotative  motion)  through  the  space  between 
the  barrels;  it  may  be  either  separate  from  the  barrels, 
or  it  may  be  fixed  to  either  or  both  of  them,  and  in  the 
last-mentioned  cases,  the  barrel  or  barrels  to  which  the 
sweep  shall  or  may  be  so  fixed,  will  necessarily  move 
along  with  it.     The  sweep  is  so  well  fitted  or  fixed  that 
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no  fluid  shall  pass  through  the  places  of  its  opposition  or 
junction  with  the  barrels  or  caps,  or  as  that  the  quantity 
suffered  to  pass  shall  be  inconsiderable.  Sdly,  The  eccen- 
tric is  of  such  a  diameter  and  so  wrought,  that  its  concave 
and  convex  surfaces  shall  touch  the  inner  and  outer  bar- 
rels, and  that  the  places  of  contact  shall  not  admit  any 
fluid  to  pass  between  the  eccentric  and  each  barrel  seve- 
rally, or  at  least,  that  the  quantity  which  may  so  pass  shall 
be  inconsiderable.  The  eccentric  is  capable  of  rotation  in 
its  own  plane  or  periphery,  but  not  otherwise  with  relation 
to  the  caps ;  and  it  has  a  long  perforation  through  which 
the  sweep  is  put,  consequently  the  sweep  and  eccentric  will 
always  move  together. 

It  may  be  pointed  out,  as  distinguishing  characters  of 
this  engine,  that,  whenever  the  sweep  is  moved,  the  space 
which  is  comprehended  between  the  barrels  and  the  eccen- 
tric, and  the  posterior  or  hinder  surface  of  the  sweep,  will 
be  continually  enlarged,  and  that  the  space  which  is  in 
like  manner  comprehended  between  the  barrels  and  the 
eccentric,  and  the  anterior  or  fore-surface  of  the  sweep, 
will  be  continually  diminished,  excepting  that,  soon  after 
the  sweep  has  passed  at  or  near  the  places  of  contact  be- 
tween the  eccentric  and  the  outer  barrels,  the  posterior 
space  will  be  suddenly  diminished  by  the  separation  of  all 
that  portion  which  was  comprehended  between  the  eccen- 
tric or  outer  barrel,  in  consequence  of  the  place  of  contact 
having  come  to  be  behind  the  sweep.  And  also,  that  soon 
after  the  sweep  has  passed  at  or  near  the  place  of  contact 
between  the  eccentric  and  the  inner  barrel,  the  posterior 
space  will  be  suddenly  diminished  by  the  separation  of  all 
that  portion  thereof  which  was  comprehended  between  the 
eccentric  and  the  inner  barrel,  in  consequence  of  the  place 
of  contact  haying  come  to  be  behind  the  sweep ;  and  the 
said  portions  so  separated  will  then  respectively  become 
portions  of  the  anterior  spaces,  in  consequence  of  the  in- 
terval or  distance  which  will  at  the  same  time  be  formed 
between  the  eccentric  and  the  barrel  immediately  before 
the  sweep.  Whence  it  is  manifest,  that  if  any  fluid  be 
forced  by  gravity,  elasticity,  or  otherwise,  through  one  or 
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more  apertures  from  without  into  the  space  on  one  side  ot 
the  sweep,  that  pressure  will  carry  the  sweep  forward  and 
the  eccentric  along  with  it,  together  with  such  barrel  or 
barrels,  as  by  the  construction  shall  or  may  be  fixed  to  the 
sweep ;  an.d,  moreover,  if  there  be  any  one  or  more  other 
apertures  communicating  from  the  opposite  side  of  the 
sweep,  in  order  to  allow  the  said  fluid  to  escape^  or  be 
carried  off  or  condensed,  or  otherwise  disposed  of,  all  suck 
portions  of  the  said  fluid  as,  by  the  change  of  sitnatiOD  of 
the  sweep  herein-before  described,  shall  be  separated  from 
occupying  part  of  the  space  behind  the  sweep,  and  shaU 
come  to  occupy  part  of  the  space  before  the  same,  will,  in 
fact,  so  escape  or  be  carried  off,  or  condensed,  or  dispo8ed 
of,  and  the  rotatory  motion  of  the  engine  will  be  kept  up, 
and  may  be  applied  as  a  first  mover  to  other  works,  so  long 
as  a  due  supply  of  the  said  fluid  shall  be  afforded. 

It  is  manifest,  that  in  case  the  rotatory  motion  of  the 
said  engine  be  produced  by  any  force  not  applied  to  its 
internal  parts  in  the  manner  herein-before  described,  and 
any  fluid  be  admitted  to  communicate  with  the  posterior 
space  within  the  same,  the  said  fluid  so  admitted  will  flow 
into  or  be  absorbed  in  the  said  space,  which  becomes  con- 
tinually enlarged,  and  will  afterwards  be  transferred  to, 
and  drawn  out  of  the  anterior  space,  which  becomes  con- 
tinually diminished  as  aforesaid  :  and  that,  in  this  applica- 
tion, the  said  engine  may  be  used  to  raise  or  give  motion 
to  fluids  in  any  direction  whatever.* 

This  rotative  engine  possesses  originality  and  ingenuity, 
which  cannot  be  said  of  many  which  we  have  enumerated. 
Our  readers  will  perceive  that  the  reasons  which  we  hare 
given  for  the  failure  of  many  of  such  like  attempts  may  be 
applied  to  this  apparatus  with  no  less  truth.  Friction  to 
been  generally  thecause  of  their  failure,  and  here  that  fric- 
tion appears  more  than  double  of  almost  all  we  have  yet 
noticed,  for  to  the  friction  of  the  sweep  we  must  add  that 
of  the  ends  of  the  concentric  and  eccentric  cylinders,  which 
are  packed  at  their  peripheries,  besides  the  friction  of  the 
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points  where  tbey  are  in  contact  with  each  other.     If  ma- 
chines of  this  nature,  when  encumbered  with  only  one  inner 
cylinder,  have  been  inferior  in  effect  to  the  reciprocating 
engines,  it  cannot  require  much  discernment  to  see  that,  in 
this  instance,  where  two  such  cylinders  are  used,  the  power 
must  be  trifling  indeed.  Further,  it  may  be  added,  that  all 
.the  parts  would  be  liable  to  wear  out  of  the  form  in  which 
they  were  first  constructed,  so  that  no  packing  could  pre- 
serve them  steam-tight.    This  would  take  place  in  a  short 
time,  at  the  sides  of  the  cavity  formed  in  the  eccentric 
cylinder,  for  allowing  the  sweep  to  slide  through  it. 

We  consider  the  machine  we  are  about  to  describe,  in- 
vented by  Mr.  Andrew  Flint,  (and  patented  about  the  same 
time),  as  liable  to  the  objections  we  have  just  mentioned. 
The  difficulty  of  packing  indeed  (all  others  out  of  the 
qu^tion)  appeared  to  be  an  insuperable  barrier  to  its  ap- 
plication. 

The  annexed  fig.  1,  is  a  horizontal  section  through  the 
body  of  the  engine.  Fig.  2,  which  is  a  vertical  section  of 
the  same,  in  the  line  w  x,  of  fig.  1 ;  the  same  parts  in  each 
figure  being  marked  with  the  same  letter.  C  is  the  outer 
cylinder  of  cast  iron,  or  other  proper  metal ;  D  the  bot- 
tom plate  of  the  same.  E  the  top  plate,  firmly  fastened 
down  by  screws  passing  through  the  projecting  flangs  at 
//.  G  is  the  inner  cylinder,  hollow,  and  divided  by  a  par- 
tition at  h.  The  two  cylinders,  C  G,  must  be  turned  very 
true,  and  placed  exactly  concentrically.  A  B  is  the  hollow 
central  shaft,  cast  in  one  piece  with  the  cylinder  G,  and  form- 
ing an  axis  to  it,  turning  in  the  stuffing  boxes  I  I.  '  Kand 
L  are  two  valves,  each  consisting  of  a  top  and  a  bottom 
plate  m  m,  (see  fig.  4),  connected  by  a  portion  of  a  solid 
cylinder  n.  The  plates  m  are  sunk  into  the  plates  D  and 
E,  so  as  to  lie  flush  with  their  inner  surfaces  ;  and  the 
connecting  piece  n  lies  in  and  fills  the  cavity  prepared  for 
its  reception  in  the  outer  cylinder  C,  at  o,  and  thus  com- 
pletes the  inner  surface  of  the  same. 

P  is  the  steam  float,  firmly  attached  to  the  cylin- 
jier  G,  and  revolving  with  it  through  the  circular  passage 
.eft  between  the  two  cv1imlpi*s  •   which  passing  it  accu* 
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rately  closes  by  means  of  a  packing  composed  of  Lcinp, 
tallow,  or  other  substances  used  in  steaip  epgine3  for  that 
purpose.  9999  shew  the  manner  of  packing  the  ^op  and 
the  bottom  plates  of  the  cylinder  Q^  and  of  \\ie  valves  K 
and  liy  to  prevent  the  escape  of  the  steapi  t>etween  them, 
and  the  top  and  bottom  plates  of  the  outer  cylinder.  Thi:} 
js  alike  in  all  these  instances,  but  will  be  most  readily  un« 
derstood  by  comparing  fig.  1.  with  fig.  3,  which  shews  tlie 
parts  to  a  large  scale,  r  is  a  circular  groove  sunk  in  the 
inner  surface  of  the  plate^  D.  and  E,  and  concentrically  to 
the  axis  of  the  cylinder  G,  and  of  the  valyps  K  and  L  res- 
pectively. In  this  groove  is  placed  a  mj^tal  packing  ring 
ty  and  it  is  then  to  be  filled  up  with  a  packing,  against 
which  the  surfaces  of  the  said  plates  of  G,  K,  and  L  work ; 
and  this  packing  may  be  tightened  in  any  (^egree  necessary 
by  the  screws  ssss,  which  pre^s  upo;i  the  back  of  the 
packing-ring.  It  is  proper  tp  notice,  that  these  circular 
rings  of  packing  should,  in  a  ^mall  degree,  intersect  each 
other  at  I,  to  prevent  the  stes^ip  from  ^scaping  between 
them  into  the  vacuous  parts  of  the  engi|ip.  Q  Q  afe  chases 
filled  with  packing,  to  prevent  a  similar  ^^.cape  of  the  steam 
behind  the  valves.  The  steam-float  P  is  tp  :be  packed  in  its 
plaice  by  means  of  the  circular  aperture  jn  the  top  plate  E, 
which  aperture  must  be  securely  closed  by  a  plate  fitted  into 
it,  and  confined  by  a  strong  dog  ;  or  the  packing  may  be 
introduced  by  holes  in  the  outer  cylinder iC,  ^ybic^  may  bp 
closed  in  a  somewhat  similar  jpnanner ;  b^t  this  mode  is 
considered  as  less  secure,  when  ateam  of  great  elasticity  is 
employed.  It  is  evident,  that  if  steam  of  sufficient  force 
be  admitted  through  the  hollow  shaft  A,  it  will  fill  the 
lower  division  of  G,  and  passing  .through  the  hole  G,  into 
the  circular  passage  already  described,  where  (the  valve  JL 
being  first  placed  across  the  said  passage,)  it  will  act  upon 
the  steam-float  P,  with  a  power  proportioja^d  to  its  ^elasti- 
city and  the  area  of  P,  and  thus  face  jt  rpuni}  ti)l  it  passes 
the  valve  K,  the  ateam  before  it  finding  a  vent  by  the  hole 
7,  into  the  upper  division  of  G,  and  so  through  the  shaft 
B  into  the  condenser.  If  now  the  valve  Kbe  shut,  the  re- 
action, as  it  is  terrri^d^will  take  place  against  it,  and  the 
y.  2  a 
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valve  L  may  be  opened  to  allow  free  passage  to  the  steam- 
float.  These  valves  are  placed  in  the  required  position  by 
the  working  gear.* 

It  is  our  business  next  to  describe  the  inventions  of  Mr. 
R.  Wilcox,  of  Bristol,  whom  we  have  already  noticed  in 
another  part  of  this  section.     He  obtained  a  second  pa- 
tent in  1805,  for  a  number  of  rotative  engines,  which  are, 
in  our  opinion,  exceedingly  ingenious.     The  work  enti- 
tled Stuart's  History  of  the  Steam  Engine,  has  passed 
over  the  contrivances  of  this  gentleman,  by  remarking 
that  they  vary  from  Mr.  Flint^s  only  in  some  trifling  alter- 
ations of  the  cocks  and  steam  pipes.     But  it  w  ill  be  seen 
that  this  is  incorrect,  as  some  of  the  plans  described  differ 
entirely,  not  only  from  Mr.  Flint's,  but  from  every  pre- 
vious  attempt  of  the  kind. 

Fig.  1 .  is  a  vertical  section  of  one  of  his  plans,  as  attache  i 
to  the  common  condenser,  for  the  purpose  of  shewing  one 
of  the  most  simple  and  compact  arrangements,  whexe  tbe 
steam  is  condensed.    A,  the  outside  case  or  cylinder,  fixed 
to  the  framing  of  the  condensing  cistern,  or  any  other 
more  suitable  and  convenient  framing  that  the  engineer 
may  find  mosf  appropriate  or  suitable  to  the  locality  of 
the  premises,  where  the  engine  is  to  be  erected.    B  B,  the 
inside  or  revolving  cylinder,  attached  to  and  connected 
with  the  vertical  shaft,  which  is  the  first  mover,  and  which 
gives  a  rotative  power  to  any  description  of  machinery  re- 
quiring the  same,  through  the  medium  of  a  spur  wheel 
fixed  to  the  said  shaft,  when  a  vertical  motion  is  required; 
or  with  a  bevil-gear  wheel,  where  a  horizontal  motion 
is  wanted.     C  C,  moveable  pallets,  gates,  or  valves,  for 
regulating  the  operation  of  the  steam  in  the  engine ;  one 
of  the  said  pallets,  &c.  is  attached  to  the  fixed  cylinder  A, 
and  the  other  to  the  interior  cylinder  B,  as  is  more  dis^ 
tinctly  seen  in  fig.  2,  and  the  references  annexed.     D,  tbe 
steam  valve  for  the  admission  of  steam  between  the  said 
pallets.    E,  the  exhausting  valve,  for  the  egress  of  steam. 

The  gear  required  for  opening.and  shutting  the  valves  D 
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and  E,  and  for  opening  and  shutting  thesaid  pallets  or  gates, 
C  C,  is  so  nearfy  similar  to  that  of  common  engines,  tba 
it  would  be  useless  to  describe  it  further  than   that  the 
Kaid  valves  D  and  E  require  to  be  opened  and  closed  at  the 
same  tinie^  whereas,  in  general,  they  are  opened   and  shut 
alternately  by  the  plug  tree,  or  other  simple  land  well- 
known  means.     F,  the  top  of  the  cylinder,  composed  of  a 
ring  of  metal,  for  pressing  the  packing  round  the  moveable 
cylinder  ;  the  lid  is  screwed  down  with  screws,  as  is  usual 
in  securing  the  lids  or  tops  of  cylinders.  6  6,  two  rings  of 
metal  pressed  by  screws,  from  a  lever  secured  to   the  top 
of  the  cylinder  F,  for  compressing  the  packing,  and  secur- 
ing the  joint  of  the  cylinders  A  B.  H  H,  a  circular  channel, 
into  which  the  revolving  cylinder  B  works,  for  the  purpose 
of  preventing  the  ingress  of  air  or  other  fluids  into  or  by 
the  said  interstice  or  channel,  and  which  is  packed   with 
hemp  and  grease,  and  pressed  in  siich  a  manner  with  a  ring 
as  thereby  to  render  the  engine  more  e'fficient,  by  keeping 
it  perfectly  tight.    1,  the  common  condenser,  the  air  pump 
of  which  is  wrought  by  studs  or  stops  projecting  from  the 
horizontal  shaft,  or  any  other  simple  or  effectual  way,  which 
the  engineer  may  think  proper,  as  is  niore  distincly  seen  ia 
fig.  3,  which  is  the  end  view  of  the  shaft,  and  the  side  view 
of  the  piston  rods;  the  operation  of  which  is  so  obvious, 
as  not  tp  require  elucidation.    Fig.  2  exhibits  a  bird^s  eye 
view  of  fig.  1,  with  the  top  of  the  cylinder  and  compress- 
ing rings  removed,  to  show  the  operation  or  apparatus  for 
openii^  and  closing  the  pallets,  gates,  &c.  and  also  part 
of  the'nanges  removed  to  show  (he  situation  of  the  valves. 
The  letters  of  reference  in  this  case  of  fig.  2,  are  placed 
upon  the  same  parts  of  the  engine  as  in  fig.  1,  which  it 
would  be  superfluous  to  recapitulate.     C  C,  the  pallets, 
&c.  formed  of  two  or  more  pieces  of  metal ;  one  part  of 
the  said   pallet   is  permanently   secured  to   each    cylin- 
der A  and  B,  whilst  the  other  part  or  parts  turn  on  a 
joint  or  hinge  ;  which  said  joint  or  hinge  is  made  steam- 
tight  or  secured,  together  with  the  whole  of  the  edges 
coming  in  contact  with  the  cylinder,  with  a  hempen  cloth 
stuffed  wadded,  or  folded  together,  or  by  other  similar 
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materials,  capable  of  stopping  the  passage  of  ^team,  and 
which  Hiiist  be  screwed  or  otherwise  fastened  ob  the  front 
of  the  said  pallet ;  and  by  the  pressure  of  the  steam  it  is 
pressed  or  brought  in  contact  with  the  said  pallet  or  cylin 
ders,  and  thus  it  efTectimlly  prevents  the  escape  of  steam 
or  other  fluids,  by  or  with  which  the  engine  is  wrought. 
K  K,  two  racks  and  pinions  communicating  by  a  straight 
and  parallel  bar,  working  through  a  stufling  box  in  the 
sides  of  each  cylinder,  whereby  the  said  valves  are  opened 
and  shut^  whilst  passing  each  other,  from  the  external  part 
of  the  engine,  by  a  piece  projecting  from  the  upper  or 
lower  part  of  the  fixed  cylinder,  which  may  be  placed  at 
the  option  of  the  engineer ;  which  said  piece  in  its  passage 
comes  into  contact  with  the  gear  connected  with  the  said 
pallets,  and  thereby  with  any  of  the  well-known  simple 
methods  or  gear  used  for  the  opening  and  shutting  of  valves 
in  the  present  steam  engines.  The  gates,  &c.  of  the  engine 
are  opened  and  shut  as  occasion  requires.  L,  (fig.  2,)  ex- 
hibits a  second  gate,  &c.  which  in  this  case  slides  backwards 
against  a  straight  paralleL  surface  during  the  time  the 
pallet  in  the  revolving  cylinder  is  passing,  when  the  said 
gate  is  sliding  by  the  gear  against  the  revolving  cylinder^ 
as  in  the  drawing.  The  said  gates  may  be  opened  and 
closed  in  a  variety  of  ways,  such  as  a  spindle  ground  into 
the  bottom  of  the  fixed  cylinder,  and  connected  by  a  link 
to  the  gate  internally,  or  a  crank  or  compound  lever  may 
be  applied,  instead  of  the  rack  and  pinion,  externally. 

In  another  plan,  Mr.  Wilcox  proposes  a  piston  firmly 
fixed  to  the  interior  cylinder,  and,  instead  of  gates  or  pal- 
lets, he  has  a  plate  of  metal,  which  is  drawn  into  a  recess  as 
the  piston  passes,  and  returned  immediately  into  the  cylin- 
der, so  as  to  become  an  abutment  for  the  action  of  the 

steam. 

In  this  plan,  A  is  the  outside  stationary  cylinder.  B,  the 
inner  cylinder  ;  C,  the  top  of  the  cylinder  and  rings,  as  in 
figs.  1  and  2,  already  explained.  t>,  a  plate  of  metal,  as  re- 
presented by  the  dotted  lines,  made  very  straight,  smooth, 
and  parallel,  as  it  respects  its  thickness.  E,  a  small  shaft 
or  axle,  working  through  a  box,  or  a  receptacle  fixed  on 
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the  outside  of  the  cylinder  A,  allowing  room  sufficient  for 
the  said  plate  to  drop  clear  off  to  the  bottom  of  the  cylin- 
der, whilst  an  accurate  incision  is  made  in  the  bottom  and 
side  of  the  cylinder,  sufficient  to  admit  the  said  plate  D  to 
slide  freely  up  and  down,  which  is  effected  by  a  rack  and 
pinion,  or  lever,  or  any  other  simple  contrivance  attached 
or  connected  to  the  extremity  of  the  shaft  E  ;  by  which 
means  the  steam  is  caused  to  act  on  the  same  or  a  similar 
principle,  as  in  fig.  1.  F,  (fig.  4,)  presents  a  second  way  of 
producing  the  same  effect,  namely,  that  of  raising  a  plate 
of  metal  through  an  incision  made  in  the  bottom  of  the 
cylinder  A,  from  a  box  fixed  underneath  the  cylinder, 
through  the  medium  of  a  parallel  bar  working  through  a 
stuffing  box,  whereby  the  said  plate  D  is  raised  or  de- 
pressed, as  the  working  of  the  engine  requires. 

^^  Fig.  6,  is  a  birdVeye  view  of  fig.  4,  with  the  same 
general  letters  of  reference  to  their  respective  parts,  as  in 
fig.  4.  K,  the  steam  passage.  Li,  a  passage  leading  or 
communicating  with  the  condenser,  when  the  steam  is  re- 
quired to  be  condensed.  Here  it  may  be  necessary  to 
remark,  that,  although  the  plate  D  be  shown  as  rising  up- 
wards, considering  it  to  be  the  most  convenient  way, 
nevertheless,  the  boxes  necessary  to  receive  the  plates  may 
be  placed  above  the  cylinder,  and  the  plates  may  be  raised 
in  an  oblique  instead  of  a  perpendicular  direction. 

^^  Fig.  8,  is  the  plan  of  another  rotatory  engine.  A,  the 
outside  fixed  cylinder.  B,  the  inner  or  revolving  cylinder. 
D  D,  two  or  more  pallets,  working  through  a  deep  stuffing 
box,  and  turned  by  a  lever,  or  other  power,  from  the  ex- 
ternal part  of  the  engine,  alternately  flat  or  edgewise ;  the 
piston  F  is  fixed  to  the  revolving  cylinder ;  E,  is  the  steam 
passage,  that  to  the  condenser  not  being  shown. 

^^  Fig.  10.  is  a  bird's-eye  view  of  a  rotary  engine,  as 
wrought  with  a  cock  or  portion  of  a  circle,  whereby  a 
similar  effect  is  produced  as  in  fig.  1,  by  or  with  a  portion  of 
circles:  in  these  figures,  8  and  II,  the  lids  of  the  cylinders 
are  removed,  and  a  part  of  the  flanges,  where  the  circles  or 
irregular  cocks  arc  used,  is  broken  off,  to  render  the  work- 
ing parts  conspicuous.     A,   .he  outer  or  fixed  cylinder. 
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B,  inner  or  revolving  cylinder.  C  C,  the  pallet,  cock|  or 
portion  o(  a  circle,  fitted  accurately  into  the  circle  it  pre- 
scribes; with  a  spindle  working  through  the  top  of  the 
cylinder.  D,  the  groove,  into  or  against  which  the  part 
coming  into  contact  with  the  revolving  cylinder  is  secured 
with  a  pi^ce  of  hardened  roetal,  in  drder  that  the  constant 
friction  of  the  revolving  cylinder  shall  not  injure .  the 
pallet  or  cock.  E,  the  passage  to  the  boiler.  F,  the  passage 
to  the  condenser.  6,  the  pallet,  secured  to  the  working 
cylinder.  In  this  figure  two  portions  of  circles  and  cocks 
are  introduced,  for  the  purpose  of  showing  ciearly  their 
situations  in  different  places,  the  same  as  in  fig.  10* 

^^  Fig.  11  exhibits  a  birdVeye  view  of  a  rotatory  engine, 
as  wrought  by  a  cock  or  cocks,  which  regulate  the  steam 
instead  of  valves,  and  also  act  as  the  pirineipal  cock  or 
pallet  in  the  said  engine.  A,  the  outer  fixed  cylinder.  B, 
the  inner  revolving  cylinder,  with  a  fished  piallet.  C  C,  the 
cocks^  which  are  wrought'  from  the  external  part  of  the 
engine,  by  a  spindle  passing  through  the  tbp.  D,  a  piece 
of  hard  netal,  introduced  ivtb  the  saiO  cock,  to  resist  the 
friction  of  the  revolving  cylinder,  as  eiTplained  in  fig.  101 
E,  steam  passage.    F,  passage  to  the  cdiVdc^ser."* 

The  first  of  Mr.  Wilcox's  pli^ns  (1  and  2)'is,  as  far  as  we 
know,  perfectly  original:  Its  great  comfplexity  has  been, 
no  doubt,  a  great  cause  of  itsr  abandontoeift ;  if,  indeed,  it 
was  ever  tried.  The  number  of  racksr,'  pinions,  gates, 
pallets,  joints,  •  gr<K>ves,  slides,  atid  stufltifg  boxes,  must 
instantly  impress'  the  mind  of  every  one  with  an  idea  of 
its  great  inferiority  to  the  most'  complex  reciprocating 
engine. 

The  second  scheme  (4  and  5),  itwill  be  perceived,  re- 
sembles in  its  general  priiiciptte  oiie  of*Messrs.  Bramah  at^d 
Dickenson's  engines,  a  descripftio'ii  and  plan  of  which  wUI 
be  found  at  page  111,  of  this  work.  The  objections,  there- 
fore, which  have  been  mad^  dgdinst  that  plan,  will  apply 
equally  to  Mr.  WilcoxV 
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In  the  third  plan  (8)  we  apprehend  that  a  great  waste 
of  steam  would  arise  from  the  difficulty  of  makings  the 
pallets,  D)  unite  sufficiently  close  at  the  joints;  besides 
that  the  complexity  would  be  nearly  as  great  as  the  first 
plan. 

The  fourth  and  fifth  plans  (10  and  II)  resemble  that  of 
Mr.  Flint's  so  nearly,  that  we  doubt  not  they  failed  from 
the  same  cause. 

In  the  year  1807,  Mr.  Henry  Maudslay,  of  Liondon,  ob* 
tained  a  patent  for  a  Portable  Engine,  in  which  he  intro* 
duced  several  ingenious  improvements  on  the  valves  and 
working  parts  of  steam  engines,  which  tended  not  only  to 
reduce  the  friction,  but  altogether  to  render  them  tighter 
and  more  compact.  The  accompanying  figure  will  enable 
our  readers  to  understand  what  these  improvements  were. 

A,  represents  a  frame  of  thin  cast  iron,  for  the  purpose 
of  fixing  the  cylinder.     B  B  are  two  cold  water  cistems, 
of  merely  sufficient  size  to  admit  of  easy  access  to  the 
pumps  within  them ;  they  communicate  with  each  other 
by  a  pipe  a.     C  is  the  cylinder  surrounded  by  a  casing  (6) 
of  copper,  or  other  material.     The  space  between  the 
cylinder  and  casing  is  filled  with  wool,  or  some  other  im- 
perfect  conductor  of  heat;  D  is  the  piston  rod,  joined  to 
smaller  rods  carried  down  on  each  side  of  the  cylinder  to 
E,  and  having  an  opening  or  division  so  as  to  avoid  inter- 
fering with  the  main  shaft.    These  rods  are  at  their  lower 
ends  fixed  to  a  wheel  F,  with  a  fluted  rim :  from  the  centre 
of  which  a  connecting  rod,  G,  is  carried  to  the  end  of  the 
crank.     The  wheel  F  runs  between  two  guides,  c  c,  so  as 
to  preserve  the  rectilineal. motion  of  the  rods  E,  and  the 
piston  rod  D.     H  is  the  crank,  a  three-throwed  one.   J,  a 
cross  beam  for  working  the  pumps  POM;  its  motion  is 
procured  by  having  a  fork  underneath  it,  which  embraces 
one  of  the  cranks  H,  on  which  is  a  roller  for  reducing 
friction.     By  this  means  the  fork,  and  consequently  the 
beam  and  pump  rods,  are  reciprocated  by  the  revolution  of 
the  shaft.     K  K  is  the  fly  wheel ;  L  is  the  condenser,  con- 
taining the  air  pump  M;  N  is  the  hot  water  cistern,  and 
O  the  ho<  water  puiiip;  1*,  the  cold  water  pump;  Q,  the 
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irijection  cock;  R  (he  steam  pipe  from  (he  bpiler  (o  the 
cj'linder;  S  the  eduction  pipe.  The  steam  is  admitted 
into  (he  cylinder  by  a  four-way  cock,  which  difTers  from 
that  generally  used  by  its  being  considerably  more  tapered, 
which  efTectually  prevents  it  froni  jamming  by  unequal 
expansion^or  contraction,  an  evil  to  which  the  common 
cock  is  liable. 

There  are  few  machmes  which  display  more  ingenuity, 
either  on  account  of  skilful  arrangement  or  neatness,  tban 
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this;  and,  ash  regards  its  utility,  it  need  only  be  said,  that 
long-continued  trials  have  fully  established  the  great  ex- 
cellence of  Mr.  Maudsiay's  engine.     We  do  not  pass  over 
this  machine,  therefore,  with  so  short  a  description  on  ac- 
count of  any  doubt  respecting  its  merits;  for  were   the 
length  of  our  remarks  to  be  governed  by  our  opinion  of  the 
utility  of  any  machine,  they  would  in  this  instance  extend 
over  several  pages.  But,  however  beautiful  may  be  the  ar- 
rangement of  Mr.  Maiidslay's  engines,  this  is  not  their  sole 
merit;    for  Mr.  M.  has,  by  superior  workmanship,   and 
most  careful  attention  to  the  selection  of  good  materials, 
obtained  the  reputation  of  being  one  of  the  best  manu- 
facturers of  »team  engines  in  the  world. 


Mr.  J.  Mead,  of  Hull,  obtained  a  patent  for  a  rotary 
engine,  in  1808,  of  which  the  following  is  a  descriptiop. 

A  and  B,  fig.  1 .  are  two  circular  plates  or  shells  of  metal, 
similar  in  their  construction,  having  their  insides  turned, 
or  otherwise  made  very  true  and  correct ;  A  has  its  outside 
uppermost,  and  B  its  inside  uppermost.  Each  of  these 
circular  plates  or  shells  have  a  flange  and  semicircular 
cavity,  formed  for  the  reception  of  the  pistons  which  are 
afterwards  described,  and  a  recess  or  hollow  part  formed 
round  its  centre  for  a  small  circular  plate  to  turn  in. 
Near  to  the  edge  of  each  recess  is  a  small  groove  running 
quite  round  it ;  in  the  bottom^  of  each  groove  is  placed  a 
metallic  ring,  O  O,  capable  of  being  adjusted  by  screws 
on  the  outside  of  each  shell.  At  its  centre  is  a  hollow  pipe 
or  boss,  for  the  reception  of  the  spindles,  F  and  6.  The 
plate  A  has  also  two  holes,  a  a,  fig.  3.  to  which  pipes  are 
fitted,  oi>e  to  convey  steam  into  the  shells,  the  other  to  con- 
duct it  froiQ  them  into  a  condenser,  or  wherever  it  may  be 
required.  C  C,  two  pistons  with  grooves  round  them  to 
admit  of  a  packing  or  wadding.  D  and  E,  two  circular 
plates,  to  which  the  pistons  are  connected  or  made  fast. 
F  and  G,  two  shafts  or  spindles ;  the  spindle  G  is  made 
hollow  to  receive  the  spindle  F,  which  passes  through  it. 
H  and  i,  two  arms  made  fast  to  the  two  spindles ;  each  arm4 
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near  its  extremity,  carries  a  wheel  K  and  J,  which   are 
generally  termed  friction  wheels.     L,  a  fly  or  a  reg^ulating 
wheel,  fixed  to  one  end  of  a  shaft  or  moveable  axis,  hav- 
ing in  its  side  opposite  to  its  axis  a  groove  runnings  across 
its  diameter  for  the  reception  of  the  friction  wheels  «7  aad 
K,  which  wheels,  when  the  pistons  are  put  in  motion,  work 
in  it,  and  give  motion  to  the  fly  wheel  and  other  machinery 
which  may  be  connected  with  it.     R  R,  the  hollow  plates 
or  bosses  for  the  spindles  to  work  in ;  S  S,  flanges  by  which 
the  shells  are  fastened  together.     Fig.  2  is  a  front  view  of 
one  of  the  pistons,  with  its  circular  plate,  arm,  and  friction 
wheel ;  J,  the  friction  wheel ;  H,  the  arm  ;  D,  a  circular 
plate,  and  C  the  piston.     V  Y  V  grooves  for  the  reception 
of  the  packing  or  wadding,  which  is  to  be  made    fast 
therein.    When  the  engine  is  to  be  put  together,  the  arms 
are  taken  off  from  the  spindles  ;  the  spindle  F  is  then  to 
be  inserted  in  the  hollow  spindle  G,  which,  with  their  res- 
pective pistons,  are  placed  in  one  of  the  shells,  and  the  one 
shell  placed  over  the  other ;  the  shells  are  then  fiistened 
together  with  screws  or  otherwise,  so  as  just  to  admit  the 
pistons  with  their  respective  plates  and  spindles  to  turn 
round  in  their  channels  nearly  steam-tight ;  the  arms  may 
then  be  made  fast  on  the  spindles,  and  the  engine  erected. 
Place  the  direction  of  its  axis  in  a  horizontal  or  lateral 
direction,  parallel  with  the  direction  pf  the  axis  of  the  fly, 
but  nearly  as  much  out  of  that  line  as  the  length  of  one  of 
the  arms,  H  and  I,  taken  from  the  centre  of  the  spindle  to 
the  centre  of  its  friction  wheel,  and  at  such  a  distance  from 
the  fly  as  to  admit  of  the  friction  wheels  moving  freely  in 
the  groove  on  its  face.  By  so  doing,  the  axis  of  the  engine 
will  be  placed  eccentric  with  the  axis  of  the  fly.  The  engine 
may  be  fixed  in  an  iron  or  wooden  frame,  and  the  fly  sup- 
ported in  the  same,  or  a  separate  frame,  in  the  position  be- 
fore pointed  out.    If  the  fly  be  then  turned  half  way  round 
upon  its  axis,  one  of  the  friction  wheels  will  remain  locked 
or  held  fast  in  the  groove  near  its  centre,  an  i  the  piston 
with  which  it  is  connected  will  remain  nearly  stationary  in 
the  steam  chamber,  between  the  holes  aa^  while  the  other 
friction  wheel,  with  its  arm,  spindle,  small  circular  plate 
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and  piston,  make  nearly  one  complete  revolution,  round 
their  common  centre  of  motion,  or  the  centre  of  the  engine. 
If  the  motion  of  the  fly  continue  till  it  has  made  one  com- 
plete revolution  round  its  own  axis,  the  friction  wheel, 
which  was  locked  or  held  fast  in  the  groove  near  its  cen- 
tre,  will  move  off  in  the  groove  towards  the  circumference 
of  the  fly,  and  with  its  arm,  spindle,  small  circular  plate, 
and  piston,  make^  nearly  one  complete  revolution  round 
their  common  centre  of  motion,  or  the  centre  of  the  engine, 
and  the  other  friction  wheel  in  its  turn  remain  locked, 
or  held  fast  in  the  groove  near  the  centre  of  the  fly,  and 
the  piston  with  which  it  is  connected  remain  nearly  stati- 
onary within  the  steam  chamber  between  holes  a  a ;  and 
so  on,  alternately,  as  long  as  the  fly  continues  in  motion. 
Instead  of  the  hollow  spindle  G,  and  the  solid  spindle  F, 
two  other  solid  spindles  may  be  used,  by  applying  one  to 
each  small  circular  plate,  and  passing  them  through  the 
opposite  pipes  or  bosses,  each  having  its  arm  and  friction 
wheel  as  before,  but  working  in  separate  grooves  mounted 
on  separate  axles,  and  united  by  wheel  work.  When  the 
engine  is  to  be  set  to  work  by  the  force  of  steam,  the  steam 
is  permitted  to  enter  by  one  of  the  pipes  into  the  steam 
chamber,  where,  by  its  elasticity,  it  will  press  or  act  upon 
both  pistons  nearly  alike ;  and  as  one  of  the  pistons  is 
stopped  or  held  fast  by  the  aforesaid  methods,  the  steam 
cannot  pass  into  the  other  pipe  that  way,  but  will  force 
the  other  piston  round  with  its  small  circular  plate,  spin  • 
die,  arm,  and  friction  wheel,  and  put  the  fly  in  motion,  and 
continue  it  as  before  explained.  A  similar  effect  may  be 
produced  with  a  concave  globe  or  sphere,  having  within  it 
two  moveable  semi-circular  leaves,  (as  a  substitute  for  the 
pistons,)  with  packings  at  their  edges,  and  united  in  the 
centre  or  axis  of  the  globe  with  joints  or  hinges,  and  hav- 
ing each  of  them  an  axis  passing  through  the  globe  to  re- 
ceive the  arms  and  friction  wheels  as  before  described,  and 
with  holes  and  pipes  for  the  admission  of  steam.''* 

By  referring  to  Hornblower's  Engine,  described  at  p  121, 
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it  will  be  seen  that  the  principle  of  the  alternate  revolutioii 
of  two  pistons  18  adopted,  both  in  his  and  in  Mr.  Mead*:s ; 
but  although  there  might  not  be  that  difference  in  the 
latter  engine  as  to  merit  the  name  of  an  original  idea,  yet 
it  is  extremely  ingenious;  and  the  method  whereby  he 
has  endeavoured*  to  avoid  the  striking  of  the  two  dia- 
phragms, is  probably  the  nearest  approach  to  a  removal  of 
that  evil^  which  we  stated  was  the  probable  reason  of  the 
abandonment  of  Hornblower^s  plan.  For  here,  by  the 
aid  of  the  fly  wheel,  the  moving  piston  ig  g^radually 
brought  (like  the  piston  of  the  reciprocating  eo|^ine>  to  a 
state  of  rest,  so  that  the  striking  would  be  almost  done 
away  with.  This  being  the  case,  we  feel  much  difficult; 
in  satisfying  ourselves  as  to  the  cause  of  failure :  and,  but 
for  the  assurance  that  it  did  actually  fail,  we  should  have 
almost  expected  that  it  would  have  exceeded  in  eSect  any 
rotative  engine  we  have  yet  described.  For  although 
there  is  reason  to  believe  that  the  wadding  or  packing 
would  be  torn  out  of  its  place,  in  passing  over  the  cavities 
for  the  admission  and  exit  of  the  steam,  yet  that  difficulty 
could  be  removed  by  the  substitution  of  metallic  packing, 
If  this  engine  ever  had  a  fair  trial,  under  circumstances 
where  there  were  no  local  inconveniences,  we  confess  we 
cannot  see  why  its  effect  was  not  equal  ai  least  to  that  of 
a  beam  engine.  It  is  true,  the  revolution  is  neither  con- 
tinuous nor  equable,  but  this  is  no  more  the  case  with  any 
engine  in  use ;  but,  on  the  contrary,  a  much  greater  mass  of 
matter  in  others,  that  is  to  be  brought  to  rest  at  each  change 
of  motion. 

Mr.  Samuel  Clegg,  of  Manchester, , obtained  a  patent 
for  a  Rotative  Engine,  in  the  year  1809,  the  principle  of 
which  is  thus  explained. 

"  Fig.  1.  is  the  underside  of  a  circular  piece  of  cast  iron, 
and  of  a  diameter  and  thickness  proportioned  to  the  size  of 
the  engine.  I  is  the  common  centre  of  the  different  circles 
shown  on 'this  piece.  With  any  convenient  radius,  less 
than  that  of  A  A,  describe  the  circle  C  C,  and  within  the 
latter  the  circle?  DD  and  EE, — the  radius  of  the  latter 
being  (he  least  of  those  now  named*     From  the  uses  of 
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these  parts,  which  will  be  immediately  described,  an  idea 
of  their  relative  dimensions  will  readily  be  inferred.  Let 
that  part  of  the  surface  A  B,  A  B  which  is  contained  be- 
tween the  circles  A  and  C,  be  plain.  Between  the  circles 
C  and  D  sink  a  circular  groove  CD  of  any  given  depth  ; 
and  between  the  circles  D  and  E  let  another  circular 
groove  be  cut,  of  the  breadth  D  E,  and  of  any  given  depth 
less  than  that  of  the  groove  C  D.  Let  the  remaining  part 
of  the  surface  A  B,  namely,  that  included  between  E  and 
B,  be  cut  down  to  any  depth  less  than  the  depth  of  the 
groove  DE. 

*^  Into  the  groove  C  D,  let  such  a  number  of  segments  of 
a  circle  be  fitted  as  shall  form  a  complete  circle,  except- 
ing the  space  at  L,  which  is  occupied  by  adjusting  screws 
or  springs,  to  keep  the  segments  close  together.  The  seg« 
ments  are  the  breadth  (or  nearly)  of  the  groove  CD,  and 
of  a  depth  less  than  that  of  the  groove  C  D.  Those 
sides  of  them  which  apply  to  each  other  are  to  be  ground 
together  plain,  and  air-tight  if  possible.   Their  under  sur- 
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faces,  which  are  shown  in  fig.  1,  are  to  be  flat,  so  tbat  the 
whole  may  form  one  complete  plain  surface,  excepting  the 
space  before-mentioned,  which  is  taken  up  by  adjustinf 
screws  or  springs  L,  which  screws  or  springs  are  placed  so 
far  below  the  surface  as  to  let  a  roller  pass  by  them,  whicb 
will  be  mentioned  hereafter. 

^^Fig.  2.  represents  a  vertical  section  of  the  plate  and 
grooves  of  fig.  1,  resting  upon  a  circular  chamber  or  hollow 
space  Y  Y,  to  which  chamber  the  said  plate  forms  a  light 
covering,  excepting  that  space  occupied  by  springs  or 
screws  L  L,  as  before-mentioned.     T,  the  centre  of  all  the 
grooves  and  circles  before-described,  is  also  the  centre  of 
the  shaft.     On  the  shaft  I  is  fastened  a  plate  or  coapliog 
Z,  in  which  is  inserted  a  bar  F :  this  bar  may  be  of  any 
given   breadth,  but  in  depth  must  be  less  than  that  to 
which  the  circle  E  B  was  cut  below  the  surface  A  B  ;  to 
this  bar  is  attached  a  wheel  or  roller  G,  shown  in   fig.  ^ 
upon  a  larger  scale.     The  manner  in  which  it  is  attached 
to  the  bar  F  is  also  there  seen,  and  it  is  so  attached  to  it 
that  the  top  of  the  wheel  or  roller  G  shall  always  be 
higher  than  the  top  of  the  bar  F.     The  wheel  G,  being 
attached  to  the  bar  F,  will,  when  the  bar  is  made  to  re- 
volve, describe  a  circular  path  H  H  H  along  the  plain  sur- 
Ikce  of  the  segments,  before  described.     Let  that  portion 
of  the  plain  surface  of  each  segment  which  answers  to  the 
path  of  the  roller  G  be  rounded  ofi^,  in  such  a  manner  as  to 
make  that  portion  of  the  surface  an  arc  of  a  circle,  the 
convex  circumference  of  which  is  presented  to  the  roller 
G.     In  fig.  3,  at  H,  is  shown  a  perpendicular  view  of  one 
of  the  segments,  rounded  off  in  the  manner  described,  and 
preseniing  its  convex  circumference  to    the  roller  G. 
There  may,  likewise,  be  another  roller  attached  to  the  bar 
behind  it,  to  lower  down  the  segments  in  the  same  manner 
in  which  they  are  raised  by  the  first  roller.    Now  it  is  ob- 
vious, all  the  said  segments  being  in  their  places  in  the 
groove  C  D,  fig.  1,  that  the  roller  G,  in  performing  a  re- 
volution round  the  centre  I,  must  travel  along  a  series  of 
convex  arcs  of  circles,  equ.\l  in  number  to  the  number  of 
segments  in  the  groove  C  D.     The  groove  D  E  is,  in  fact. 
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a  recess  in  the  deeper  groove  C  D,  and  may,  if  necessaiy, 
be  filled  with  hemp  or  tallow,  or  any  other  material  which 
may  answer  the  purpose  intended. 

'^  It  must  be  remembered  that  fig.  1.  is  a  view  of  the  un- 
derside of  the  machinery.     Fig.  2.  is  a  section  of  it,  sup- 
posed to  be  in  its  proper  position,  resting  as  a  cover  to  the 
circular  chamber  Y  Y,  and  the  segments  resting  apon    a 
flat  facing  OO.     Each  segment  projects  over  the  facing 
GO  on  both  sides ;  their  projection  on  one  side  completes 
the  cover  over  the  hollow  chamber,  and  (he  other  is  the 
rounded  surface  for  the  roller  to  lift  them.     The  facing 
OO  is  exactly,  or  as  nearly  as  can  be,  level  with  the  under- 
side of  the  plate  A  B  A  B,  when  the  plate  is  on  its  place, 
as  represented  in  fig.  2  ;  so  that  when  the  segments  are  all 
in  their  places,  they  complete  the  semi-circular  chamber, 
and  fit  so  close  on  their  seats  and  in  the  groove,  that  were 
the  chamber  to  be  filled  with  any  elastic  fluid,  they  would 
prevent  its  escape,  or  nearly,  excepting  where  the  space  is 
left  for  the  springs  or  adjusting  screws.     The  use  of  these 
segments,  which  are  what  the  patentee  claims  as  his  invent 
Hon,  is  as  follows:— Conceive  a  door  Or  valve  to  be  fitted 
in  the  hollow  chamber  at  Q,.and  a  piston  R,  likewise  fitted 
in  the  chamber  so  as  to  move  round  in  it,  and  the  bar  F 
made  fast  to  the  piston,  on  the  side  and  in  the  manner  re* 
presented  in  fig.  1  ;  then,  if  an  elastic  fluid  of  sufficient 
strength. enters  the  chamber  at  N,  it  will  press  equally 
against  the  door  or  valve,  aiid  the  piston  ;  but  the  door  or 
valve  being  immoveable,  and  the  piston  moveable,  the  pis- 
ton will  be  propelled  forward  in  the  circular  chamber  by 
the  elastic  fluid.     The  bar  F  being  fastened  to  the  pision, 
and  the  roller  6  to  the  bar  F,  in  the  manner  represented 
in  fig.  3,  and  the  roller  being  in  motion  with  the  bar  and 
piston,  the  roller  will  lift  the  segments  in  succession,  as  it 
comes  in  contact  with  them.    The  segments  before  the  bar 
being  by  this  means  lifted,  allow  the  bar  to  pass,  and  the 
operation  being  the  same  in  all,  the  bar  and  piston  make 
a  complete  revolution.     Each  segment,  as  soon  as  the  bar 
Vaves  it,  falls  down  by  its  own  gravity,  or  by  springs,  or 
ftny  other  contrivance,  so  that  the  opening  which  is  made 
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for  the  bar  to  pass,  is  closed  before  the  elastic  fluid  reaches 
it ;  the  elastic  fluid  beiof^  kept  from  the  opening  by  the 
inner  breadth  or  the  piston  exceeding  the  outer  diameter 
of  each  segment.  The  door  or  valve  is  lifted  out  of  the 
way  of  the  piston,  when  the  piston  comes  in  contact  with 
it,  into  the  opening  in  the  plate  at  N,  a  recess  being  made 
in  that  segment  which  is  opposite  the  door  for  that  purpose ; 
during  which  time  the  elastic  fluid  is  shut  out,  but  it 
enters  again  when  the  door  returns  to  its  seat,  and  thus 
the  operation  continues. 

^^  In  fig.  2,  C  is  .the  condensing  vessel,  a  the  air  pump, 
6  the  air-pump  buckets,  d  the  hot  water  cistern,  e  the  clack. 
/f,  the  inclined  plane  for  working  the  air-pump  bucket,  is 
fastened  in  the  shaft,  and  consequently  revolves  with  it. 
To  the  air-pump  bucket  is  attached  a  hollow  tube,  through 
which  the  shaft  goes.  To  this  tube  is  fastened  a  cross 
bar,  at  each  end  of  which  is  a  roller  r,  resting  upon  the 
inclined  plane :  of  course,  when  the  plane  revolves,  the 
bucket  rises  and  falls.  The  plane  is  divided  into  two  dif- 
ferent  angles,  so  as  to  make  it  more  acute  where  the  bucket 
rises,  but  nearly  an  angle  of  45**  where  the  bucket  de- 
scends, as  represented  in  the  drawing.  The  injection  en* 
ters  the  groove  above  the  blocks,  and  keeps  about  three 
inches  of  water  upon  them  :  the  injection  then  enters  the 
condenser  out  of  the  groove,  as  seen  at  X.  Each  segment  or 
block,  K,  is  of  sufiicient  weight  to  resist  the  pressure  against 
that  part  of  their  under  surface  which  is  over  the  semi* 
circular  chamber,  and  will  generally  be  about  five-eighths 
of  an  inch.  The  blocks  may  be  likewise  lifted  exactly  in 
their  centre  of  gravity,  by  means  of  a  lever  in  the  upper 
part  of  the  groove,  and  worked  by  a  roller  or  small  in- 
clined plane  fastened  to  the  shaft,  as  represented  by  the 
dotted  lines  ;  and  as  it  is  not  necessary  for  the  blocks  to 
rise  more  than  half  an  inch  or  five-eighths,  the  motion  will 
be  very  easy  ;  and  whatever  descending  power  the  blocks 
have,  they  will  propel  the  bar  forwards  proportioned  to 
their  weight  and  the  space  through  which  they  move,  so 
that  there  is  only  the  friction  of  the  blocks  to  overcome. 
Supposing  the  pressure  on  the  piston  to  be  800  lbs.  the 
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weight  of  all  the  blocks  will  be  about  500  lbs.  for  such  a 
sized  pistoD)  and  will  seldom  exceed  more  for  the  largest 
engines,  as  the  space  for  the  bar  to  pass  will  be  nearly  the 
same  in  all^  the  strength  of  the  bar  depending^  upon   its 
breadth,  not  on  its  thickness:    thus,  800 lbs.  will   moTe 
through  the  space  of  16  feet,  whilst  500  lbs.  go  throug^h  the 
space  of  half  an  inch ;  then,  if  the  descending  of  the  blocks 
be  taken  into  cotisideration,  as  before  described,  the  frie* 
tion  of  the  blocks  will  make  no  sensible  difference  to  the 
progress  of  the  piston.     The  lid  M  being  the  only  opening 
into  the  engine,  and  the  only  stuffing  box,  and  that  covered 
with  water,  no  air  can  enter  but  what  is  contained  in  the 
water  used  for  injection."* 

It  is  our  opinion  that  this  patent  would  never  have  ex- 
isted, had  Mr.  Clegg  been  acquainted  with  the  effects  of 
steam  acting  on  a  lever,  as  explained  at  page  69.     It  is 
there  shown  that  no  increase  of  effect  is  gained  by  increas- 
ing the  length  of  the  lever  ;  for  although  steam  of  a  ^iven 
pressure  acts  on  a  lever  of  two  feet  from  the  fulcrum  with 
twice  the  effect  it  does  on  a  lever  of  one  foot,  yet  it  is  ap- 
parent that  the  consumption  of  steam  is  also  double,  and, 
therefore,   that  the   power  is  as   the   steam  consumed. 
Though  it  is  presumed  that  this  fact  is  too  well  known  to 
need  minute  explanation,  yet  it  is  necessary  now  to  mention 
it,  since  there  can  be  little  doubt  but  that  if  Mr.  Clegg 
had  been  aware  of  it,  he  never  would  have  made  use  of 
those  segments  which  alone  constitute  his  patent ;  the  pur- 
pose  of  such  segments  being  (as  has  been  explained)  to  ob- 
tain the  effect  of  the  steam  in  a  channel  at  some  distance 
from  the  centre  of  motion,  without  making  use  of  the  in- 
terior cylinder  or  plate,  used  in  most  of  such  engines. 

No  advantage,  therefore,  arises  from  the  use  of  these 
segments,  but,  on  the  contrary,  the  extreme  nicety  of  their 
fitting  is  a  considerable  drawback;  and  we  apprehend  also, 
that  they  would  soon  become^  deranged,  and  suffer  the 
steam  to  escape*  But  the  most  objectionable  part  is  the 
valve,  which  has  to  be  struck  out  of  its  place,  whikt  the  pis- 
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ton  13  travelling  at  its  full  speed  ;  indeed,  there  cao  be 
little  doubt  but  that  the  rapid  destruction  of  this  valve  was 
the  cause  of  failure. 

Mr.  William  Chapman's  Rotary  Engine,  patented  in 
1810,  is  represented  by  the  accompanying  drawing. 


(CActpnum's  Rotary  Engine.     1810.) 

A  represents  a  drum,  packed  on  its  two  enos,  and  re- 
volving within  an  exterior  cylinder  C  C,  so  (hat  a  channel 
is  formed  betwei^n  the  two  cylinders,  in  which  the  steam 
acts  upon  the  flaps  F  G.  I  is  a  cavity  filled  with  hemp, 
which  effectually  stops  up  the  passage  or  channel ;  an  ad- 
justing screw  K  tightens  up  the  packing  as  it  wears;  D  is 
the  steam  pipe,  and  B  the  escape  pipe.  The  steam  being 
introduced  at  O  presses  upon  the  valve  or  flap  F,  which 
recedea  from  the  pressure,  until  the  valve  G  having 
reached  the  roller  H,  is  shut  into  the  cavity  L,  and  passea 
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under  the  stop  I.  As  soon  as  it  has  cleared  the  stop,  t 
pin  on  the  outside  strikes  a  lever  attached  to  the  spiadle 
on  which  the  flap  is  hung,  opening  it  out  again  as  before, 
so  that  it  fills  up  the  passage  and  receives  the  action  of  the 
steam,  allowing  F  to  be  shut  at  the  proper  place,  without 
Interrupting  the  revolution  of  the  axle.  More  explanation 
is  unnecessary,  as  the  drawing  fully  shows  the  plan. 

An  engine  on  this  principle  was  tried  at  the  iron  works 
of  Messrs.  Hawks  &  Co.  Gateshead,  in  the  county  of 
Durham ;  but  eo  great  was  the  noise  made  by  the  flaps 
striking  the  roller,  that  many  of  the  workmen  who  heard 
it  imagined  the  sounds  to  proceed  from  a  tilt  hammer.  It 
was  also  found  impossible  to  keep  it  steam-tight,  by  the 
greatest  attention  to  the  packing.  Another  engine  of 
larger  dimensions  was  also  tried  on  the  Tyne,  but  finally 
abandoned  for  the  same  reasons. 

Mr.  Richard  Witty,  of  Hull,  procured  a  patent,  in  1810, 
for  an  engine,  the  revolution  of  which  was  effected  by 
weights  being  alternately  drawn  to  and  driven  from  a 
centre,  round  which  a  working  cylinder  or  cylinders  re- 
volved, there  being  attached  to  the  piston  rod  or  rods  a 
number  of  weights.  These  weights  were  drawn  as  near 
as  possible  to  the  centre  on  the  ascending  side,  and  are 
projected  outwards  on  the  descending  side,  as  far  as  possi- 
ble from  the  axis. 

In  the  following  year,  Mr.  Witty  took  out  a  second 
patent  for  improvements  on  the  former  plan,  which  im- 
provements consisted  in  making  the  piston  draw  or  force 
round  the  machinery,  whilst  itself  moved  both  in  a  rec- 
tilinear and  rotary  motion  in  a  cylinder;  which,  revolved 
upon  an  axis.  The  mechanical  contrivances  by  which  this 
was  effected  were  of  various  kinds,  which  caused  the  power 
of  the  piston  to  draw  or  force  the  cylinder  round.  We 
here  give  those  which  we  conceive  to  be  most  deserving 
of  notice. 

A,  fig.  I,  is  the  cylinder,  shorter  and  wider  than  fixed 
cylinders,  with  its  piston  B,  the  rod  of, which  works  air- 
tight, through  the  stuffing  boxes  a  a,  at  each  end  of  the 
cylinder,  with  a  provision  ^*  w  to  blow  the  air  and  water 
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at  starting,  wnen  required.  The  axis  or  shaft,  C  C,  is 
fastened  at  right  angles  to  the  cylinder,  with  screw  bolts 
through  flanch  t  L  In  the  axis  are  cast  or  bored  two  ducts 
or  channels,  ^  y>  of  sufficient  csqpacity  to  admit  steam  to 
supply  the  cylinder.  The  ends  of  these  diicti  are  securely 
plugged  up.  The  side  pipes,  h  and  9,  are  joined  to  the 
sides  of  the  axis,  and  communicate  separately  with  the 
ducts,  efy  in  such  a  manner  that  the  pipe  h  shall  commu- 
nicate with  the  duct  6,  and  the  pipe  g  with  the  duct/. 
The  other  ends  of  these  pipes  are  joined  to  the  ends  of  the 
cylinder.  D  D  is  the  conceatrie  collar,  through  which 
the  taper  part  of  the  axis  works  air-tight;  to  this  collar 
are  screwed  the  steam  pipe  E,  and  eduction  pipe  F;  the 
former  leading  from  the  boiler,  and  the  latter  to  the  con- 
denser and  the  exhausting  pump.  The  two  holes  in  the 
collar,  where  the  two  pipes  are  joined,  are  made  in  the 
form  of  a  parallelogram,  so  that  when  the  cylinder,  side 
pipes,  and  shaft,  turft  round  through  the  collar  D  D,  the 
communications  betwixt  the  boiler  and  cylinder,  and  the 
cylinder  and  condenser,  will  be  open  alternately  during 
half  the  revolution,  and  each  side  of  the  piston  will  be 
open,  or  exposed  alternately  to  the  steam  and  the  con- 
denser. 

Fig.  2.  represents  what  is  called  the  cardioid  motion, 
attached  to  the  engine.  It  consists  of  a  parallelogram, 
frame,  or  trammel  groove,  joined  to  the  piston  rod  by  the 
two  triangles  M  M,  M  M.  The  two  fViction  wheels,  N  N, 
are  hung  betwixt  the  ends  of  these  triangles,  and  the 
piston-rod  and  rim  betwixt  the  side  joints  o  o  oo^  cast  or 
screwed  upon  the  covers  of  the  cylinder.  At  the  distance 
of  half  the  strobe  of  the  piston  from  the  centre  of  the 
cylinder  shaft  is  fi  xed  a  strong  stud  or  pio^  bavjbng  a  strong 
knee  crank,  at  right  angles  from  it,  tostfpport  die  gudgeon 
end  of  the  cylinder  shaft  at  S«  On  the  round  part  of  this 
stud  runs  a  wheel  P,  filling  the  trammeJ  groove,  and  the 
square  is  driven  tight  into  another  piece  oP  cast-iron,  and 
keyed  fast,  and  this  is  bolted  down  to  a  beam  of  wood,  as 
at  K,  fig.  3.  When  the  steam  is  admitted  under  the  piston, 
the  trammel  groove  moves  with  the  piston  rod,  and  is 
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turned  from  a  rectilinear  to  a  rotary  direction  by  the  stud 
P,  resisting  on  one  side  of  the  trammel,  and  causes  the 
cylinder  to  reTolve  towards  the  stud,  and  as  it  revolves 
the  groove  comes  perpendicular,  or  at  right  angles,  to  the 
situation  in  which  it  is  seen  io  the  figure,  the  cylinder  lies 
horizontally,  the  piston  is  at  the  extremity  of  its  stroke,  and 
the  alternations  of  the  steam  take  place  at  that  instant  in 
the  axis.  In  this  position,  the  engine  may  be  said  to  be 
passing  cei>tres,  similar  to  that  of  a  beam  engine,  when 
passing  the  vertical  position  of  the  crank;  and  thus  a  con- 
tinued revolving  of  the  cylinder  is  eifected,  while  its  piston 
describes  a  circle,  the  diameter  of  which  is  half  the  length 
of  the  stroke. 

Fig.  S.  is  a  contrivance  for  applying  the  force  of  the 
piston  upon  a  wheel  R,  or  crank,  which  revolves  upon  a 
separate  axis  at  W,  placed  half  the  length  of  the  stroke  of 
the  piston  from  the  centre  of  the  cylinder  shaft  X,  which 
is  supported  by  a  knee  from  or  through  the  centre  of  the 
wheel,  similar  to  the  contrivance  for  supporting  the  gud- 
geon of  the  cylinder,  fig.  2.  The  diameter  of  the  wheel  is 
made  equal  to  the  length  of  the  piston  rod ;  and  has  its 
rim  made  to  incline  or  project,  in  order  that  the  piston 
rod  may  lay  hold  of  it  alternately  at  the  stops  y  y. 

On  inspecting  the  first  invention,  namely,  the  method  of 
obtaining  a  revolving  motion  by  the  shifting  of  weights,  it 
appears  to  us  that  Mr.  Witty  has  quite  mistaken  the 
object  which  engineers  have  had  in  view,  in  their  attempts 
to  obtain  a  rotative  engine.  It  will  by  this  time  be  seen 
that  the  object  was  principally  to  avoid  the  waste  of  effect, 
by  giving  motion  to-  a  mass  of  matter,  and  bringing  it  to 
rest  at  each  movement  of  the  piston  of  a  steam  engine.  It 
will  also  be  seen  that  these  weights  (the  particular  posi- 
tion of  which  constitutes  the  power  of  Mr.  Witty 's  engine) 
have  to  be  moved  and  brought  into  rest,  exactly  in  the 
same  manner  as  those  parts  of  a  steam  engine  whose  nio** 
tion  causes  the  inconvenience  complained  of.  The  same 
objection,  therefore,  applies  to  his  in  a  tenfold  degree,  for 
^he  common  engine  has  only  to  overcome  the  inertia  oF 
such  a  quantity  of  material  as  may  be  necessary  for  suffi- 


!ciciit8»rfD^h ;  bwi  here,  thd  wh<^le  power  being  obtained 
by  tbe  weights  vrbMi  we  moved,  tile  inconv^iieDce  sus- 
.toined  by  reciproeaiimi  in  engines  of  large  powers  will  be 
neadily  oeveeiTed. 

Mr*Wttty^  inpronred  metfiod,  in  whieh  he  Aispenses 
twiih  tkese  weight,  displays  considerable  ingentirty.  Ft 
(eaaii0t,  rhowerer,  be  prcyperly  called  a  rotatire  engine, 
beottuse  ike  flteam  does  not  act  upon  piston,  tane,*  or  any 
Ihing  whose  motion  is  rotative :  his  invention  is  merely  a 
new  way  of  applying  the  action  of  a  common  piston.  The 
best  modeyrtherefore,  of  appreciating  its  toi^rit  is  by  eom- 
parifig  it  to  a.cvaaked  engine^and  in  doing  lihis  we  shall 
endeavour  to  show  its  inferiority. 

Tbe  patentee  states  its  advantages  to  iconsist  in  s^Ting 
the  |K>wer  whieh  is  lost  by  reciproc^on,  and  in  dispeneiDg 
with  a  iy  wheel.  To  the  first  it  may  be  ^d,^  that  altlK>agb 
the  beaqi  and  aosae  ef  its  appendages^are  not  neoessaryy  yet 
tl^  increase  of  the  friction  by  the  use  of  a  grooved  -firane, 
and  the  danger  ^  bending  tbe  piston  rod  by  its  oblique 
application  in  forcing  round  the  engine,  are:greater  ineon^ 
yeniences  than  those  attendant  on.a  beam ;  to  which  it  mmj 
be  added,  tbnt,  when  a  crank  is  used,  tJi^reare  two  pdittts 
where  the  crank  receives  its  iiapulse  atirigkiai^gles  to  the 
direction  of  the  force^  and  is  impelled  in  tjbe  saaie  Jiae 
with  the  piston,  which  is  of  coonie  the  .most  advanta^^us 
application  of  its  power ;  but  in  no  part  of  tbe  revolution 
of  this  engine,  in  any  of  its  modifications,.doe8  ibe  iippiilse 
come  much  nearer  the  direction  of  the  produced  *aielioB 
than  an  angle  of  45^. 

Nor  do  we  think  that  a  fly  wheel  can  be  disp^osed  with ; 
it. being  quite  evident  that  the  different  d^rees  in  the 
obliquity  of  its  direction  must  render  a  fly  wheel  ajbaolutely 
necessary  to  produce  an  equable  motion. 

On  this  principle  is  the  Revolving  Engine  of  Mr. 
Samuel  Morey,  now  used  in  several  American  steam 
boats.  As  there  is  considerable  novelty  in  the  mode  of 
generating  ike  steam,  we  apprehend  its  insertion  will  not 
be  considered  superfluous. 


NUAIT'll  IIMKJIB.' 


{Mr.  Saauul  Morey's  EngiM.) 

a  o  a,  are  tbe  atom  boilers  %  bb^  tbe  tir  vGHHcla,  te  be 
aAerwardi  dwcribed ;  c,  die  Tslve  box  ;  d  d,  tbe  two  re> 
volvin^  cylinders,  shown  in  different  podUom;  ee,  the 
piston  rods ;  y^  the  *<  pitman ;"  A,  the  centre  pieee;  t,  t, 
fixed  supports  for  (be  frame;  it  it,  the  valres;  f/,  the 
steam  pipes;  at. m,  tbe  escape  pqtes;  «  r,  the  condensers ; 
V  Vy  the  ihce  of  tbe  valrcs,  shovit  in  separate  figi^ns; 
X,  tbe  tar  fire. 

The  frame,  which  holds  tbe  cylinders  ddy  ia  suspended 

'  by  its  opposite  sides  so  as  to  revolve.    Tbe  centre  piece  A, 

acting  as  a  crank,  is  fixed  to  tbe  end  oft,  projectiaf  over 
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the  cylinder,  and  from  this  centre  piece  the  bar  or  pitma 
/communicates  with  the  cross  head  of  the  piston  rod 
Two  circular  pieces  or  valves  ir,  one  of  brass  and  the  other 
of  iron,  are  placed  on  the  bearance  t,  but  on  the  oatside 
of  the  frame ;  one  of  them  being  fixed  to  the  axis,  and  the 
other  accompanying  the  frame  and  cylinder  in  their  revo- 
lution.    From  this  last  valve  proceed  the  pipes  /  ly  which 
conduct  the  steam  to  each  end  of  the  cylinder.   The  ralve 
has  a  smooth  face,  which  is  kept  close  by  springs  to  the 
face  of  the  other  valve,  which  is  fixed  to  the  shaft.      The 
steam  is  conveyed  from  the  boilers  through  the  outer 
valve  into  the  moving  valve,  and  from  the  opposite  side  of 
the  outer  valve  proceed  the  eduction  pipes,  which  lead 
to  the  condensers. 

These  condensers  are  upright  vessels,  two  of  which 
belong  to  each  cylinder ;  they  are  connected  at  top  by  a 
sliding  valve  box,  by  which  the  steam  is  made  to  enter 
them  alternately.  They  have  two  valves  at  the  bottom, 
which  are  kept  closed  by  weights.  A  stream  of  water  is 
injected  into  the  condensers,  which  escapes  by  the  bottom 
valves  pp,  by  which,  also,  the  air  is  blown  out  at  every 
stroke ;  in  this  manner  the  engine  is  at  first  cleared  of  air. 

In  order  to  give  a  reversed  motion  to  the  engine,  two 
cocks  and  cross  pipes  are  employed,  for  the  purpose  of 
changing  the  passage  of  the  steam  to  the  opposite  sides  of 
the  valves. 

When  the  engine  is  thus  constructed,  the  steam  admitted 
below  the  piston  by  the  lower  pipe  {,  forces  up  the  piston 
rod  €,  and  the  cross  head  at  its  upper  extremity.  This 
cross  head,  carrying  along  with  it  the  bar/,  acts  upon  the 
crank  A,  which  thus  gives  a  rotatory  motion  to  the  shaft 
1.  1.,  and  of  course  to  the  cylinders  and  frames;  the  shaft 
I.  1.  by  means  of  a  pinion  2.  2.  drives  the  paddle  wheel. 

With  the  view  of  saving  fuel,  this  engine  has  the  Gas 
Fire  applied  to  it  in  the  following  manner: — The  boilers 
are  cylindrical,  with  an  inside  flue  for  fuel,  two  or  three 
are  placed  closely  together,  and  set  in  the  following  man- 
ner; first,  cross  bars  of  iron  are  laid  on  the  timbers;  a 
platform  of  sheet  iron  is  laid  on  these  bars,  coated  over 
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witb  clay,  mortar,  or  cement,  to  keep  out  the  air.  Upon 
the  sheet  iron,  and  over  the  bars  below,  are  placed  cast 
iron  blocks,  in  shape  to  fit  the  curve  of  the  boiler,  so  as  to 
raise  it  three  or  four  ^nches  above  the  platform.  The 
sheet  iron  is  continued  up  the  outsides  of  the  outer  boilers 
flo  as  to  enclose  them ;  and  at  one  end,  between  the  boilers, 
there  are  small  grates  for  coal  or  other  fuel. 

The  tar  vessel  or  vessels  are  lodged  in  the  space  be- 
tween, and  upon  the  boilers,  and  a  small  fire  may  be  made 
under  them,  if  necessary.  A  pipe  leads  steam  in  at  one 
«nd,  two  pipes  at  the  other;  one  near  the  bottom,  one  near 
the  top,  lead  out  the  tar  and  steam.  These  pipes  unite 
below ;  the  steam  and  tar  thus  mingled,  in  suitable  pro^ 
portions,  flow  to  the  plain  fire,  or  the  flues  of  the  boilers, 
as  well  as  to  the  coal  fire  below,  where  the  gas  and  tar  are 
ignited.  The  fireman  judges  of  the  proportions  of  each 
by  the  effect ;  the  object  being  to  produce  a  nearly  white 
flame,  without  appearance  of  tar.  Thus  flame  is  applied 
to  the  gpreatest  possible  surface,  and  the  apparatus  ad&s 
very  little  cost  to  the  engine. 

Mr.  Morey  has  also  made  two  other  improvements  10 
the  boiler.  The  first  of  these  consists  in  lining  or  covering 
the  flue  within  with  sheet  iron  or  copper,  perforated  with 
small  holes,  reaching  down  its  sides  nearly  to  the  bottom. 
By  this  contrivance  the  water  is  made  to  circulate  rapidly 
between  the  flue  and  the  lining,  up  to  the  top  of  the  flue, 
and  thus  protects  it  from  being  run  dry,  or  heated  red  hot, 
when  the  water  gets  by  accident  too  low.  In  consequence 
of  this  circulation,  the  lining  causes  the  steam  to  form 
much  faster. 

The  other  improvement  consists  in  an  interior  boiler  or 
vessel,  occupying  the  back  part  of  the  flue,  and  communi- 
cating downwards  with  the  water,  and  upwards. 

Several  engines  of  Mr.  Morey's  construction  have  been 
erected.  The  Hartford  steam  boat,  77  feet  long,  21  feet 
wide,  and  136  tons,  is  propelled  by  one  of  them.  In  this 
vessel,  the  engine  with  its  boiler  occupies  a  space  of  16 
feet  by  12,  or  one  eighth  part  only  of  the  boat ;  the  cylin- 
ders being  hung  in  the  timbers  of  the  deck,  over  the 


balers.  Thfl  tn^o  cy Unders  ave  17  incheg  eseli  in  diftmetef. 
Bad  k»Te  a  stroke  of  18  inthe8,  and  revolve  50  tiioes  id  a 
Hiinute.  The  area  of  the  pistoii'  beiagi  about  227  inches^ 
it  will|  wben  worked  with- steam  of  501b8»  have  the  power 
ftf  100  horses,  f 

TheiReta^Hre  Engine  of  Mr.  Qoions,  of  Bristol^  patented 
1812,  differs  ^fsentially  from  all  we  have  described.  The 
inyeBtieii  consists  of  an  anniUus  or  hollow  ring  connected 
by  hollow  arms^  with  a  revolving  shaft  also  hollow.  The 
eteam  is  admitted  at  one  end  of  this  shaft,  passes  througk 
one- of  the  arms,  and  thereby  gets  into  the  rim,  in  whicb 
eoie  valves  so.  placed  as  to  prevent  the  steam  from  acting 
iotmore  than  one  direction*  The  annulus  is  nearly  half 
filled  with  a  metallic  alloy,  composed  of  eig)it  parts  of 
bismuth^,  five-  of  lead,  and  one  of  quicksilver.  The  pro- 
perly of  this  alloy  is,  that,  although  solid  at  the  coamoB 
temperature  of  the  atmosphere,  it  becomes  fluid  in  bailing 
water  or  steam.  The  steam^  therefore,  when  introduced 
inta  the  wheel^  after  first  fusing  the  alloy,  fortces  it  up  ob 
one  side  of  the  wheel,  thereby  making  it  heavier  than  the 
other:  the  metal,  in  attempting  to  regain  its  equilibciam, 
causes  the  wheel  to  revolve  s  and  the  suppler  of  steam  beiof 
Cfloitinued,  the  revolution  is  kept  up.  For  a  nKHre  perfect 
iSomprehensioD  of  this  machine^  our  readers  may  inspect 
the  drawing  we  have  gived  of  Watt's  Rotative  EngiQe,  at 
page  74,  whene  the  operation  of  the  valves,  and  eatranee 
and  iMoape  of  the  steamy  are  effected  in  a  somewhat*  similar 
manner.  The  madunes  in  fact  will  be  nearly,  the  aajne^  if 
we  suppose  Mr,  Watt's  weight  to  be  a  fluid  instead  of  a 
solid  one. 

A  fi&agular  mishap  befel  this  machine  on  it^  first  trial. 
It  is  a  property  of  bismath  that,  like  water,  it  expands  as 
it  crystallines  or  beoemest  ealid,  so  that,  on  the  morning 
succeeding  its  trial,  the  engine  w.as  found  broken^or  rather 
burst  into  small  fragnealB,  owing  to  the  expansion  of  the 
alloy.  This  result,  therefore,  proved  that^  in'  order  to 
preserve  the  engine,  it  was  necessary  either  to  keep  it  oon^ 
stantly  hot^  or  to  remove  the  metal  before  it  became  solid; 
either  of  which  would  be  a  sufficient  objection  to  its 
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adoption.  Bui  there  are  besides,  other  difficuUtes  to  con- 
tend with  ill  this  kind  of  engine,  which  we  shall  notice  in 
our  remarks  on  Masterman's  steam  wheel. 

In  Mr.  Treyithick's  patent  of  1815  is  introduced  a  column 
or  ring  of  water,  which  running  round  the  piston  renders 
the  whole  air-tight.  By  this  means  he  avoids  a  great  pro- 
portion of  the  usual  friction,  a  very  moderate  degree  of 
tightness  in  the  packing  being  in  practice  found  sufficient 
to  prevent  the  passage  of  so  dense  a  fluid  as  water.  The 
second  part  of  this  invention  consists  in  causing  steam  of  a 
high  temperature  to  spout  out  against  the  atmosphere, 
and  by  its  recoiling  force  to  produce  a  motion  in  a  direc- 
tion contrary  to  the  issuing  stream,  similar  to  the  motion 
produced  in  a  rocket  wheel,  or  to  the  recoil  of  a  gun,  by 
which  means  a  rotative  action  is  produced.  Mr.  Trevithick 
also  describes  three  other  improvements  on  the  high-pres- 
sure engine,  the  latter  of  which,  though  only  applied  to 
nautical  purposes,  is  by  far  the  most  important.  It  con- 
sists in  employing  a  spiral  worm  or  screw,  similar  to  the 
vanes  of  a  smoke^jack,  which  being  made  to  revolve  at  the 
head  or  stern  of  the  vessel,  produces  the  required  motion. 

Mr.  Tumer^s  Rotary  Engine,  patented  in  1816,  dis- 
plays extraordinary  ingenuity  and  excellence  ;  we  there- 
fore give*  from  the  specification  a  more  enlarged  Account 
of  it  than  of  most  other  such  inventions. 

^^  Fig.  1 .  is  a  plan  of  the  engine,  represented  as  if  opened 
to  show  the  internal  structure.  Fig.  2.  is  another  plan. 
Figs.  3.  and  4.  are  sections,  taken  through  the  axis  of  the 
engine  in  different  directions,  to  show  the  internal  parts. 
A  A,  BB,  CC,  is  the  cylinder,  or  external  case  of  the 
engine,  made  in  two  or  more  parts,  which  are  fastened  to- 
gether with  screws,  so  as  to  form  a  circular  or  annular 
passage,  the  transverse  section  of  which  is  likewise  circu- 
lar, as  shown  at  E  E,  figs.  3.  and  4. ;  the  piston  F,  fig.  1.,  is 
accurately  fitted  into  this  circular  passage,  and  is  caused 
to  revolve  therein  by  the  pressure  of  the  steam,  which  is 
applied  behind  it  or  on  the  side  F,  whilst  a  vacuum  is  made 
before  it,  or  on  the  side  6.  The  piston  being  connected 
with  a  central  plate  6,  which  is  fixed  fast  upon  tJie  axis 

JO.  2  r 
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(Turner's  liotary  Engine.     1816.) 


toahbb's  ROTART  KKG 


(TWner'f  Rotary  mtgiw.     1818.) 

or  shaft  H  ,  the  said  shaft  is  pat  in  motion,  and  by  wheel 
work  I,  or  other  maehinery  which  is  best  adapted,  the  power 
of  the  en^ne  is  commanicated  to  any  useful  purposes  to 
which  it  is  intended  to  be  applied.  The  neans  by  which 
the  force  of  steam  is  made  to  produce  the  rotatory  motion 
is  as  follows :  two  valres  or  sliders,  K  and  L,  are  applied 
at  the  opposite  sides  of  the  annular  passage  or  cylinder, 
B  E,  in  the  manner  represented  in  figs.  1.  and  8.  The  edge 
of  the  central  plate  G,  which  has  the  projectini;  arm  to 
communicate  with  the  piaton,  must  be  made  so  that  they 
can  he  made  to  shut  up  the  passage  of  the  cylinder,  E  E, 
as  npresented  at  I^,  and  prevent  the  passage  of  the  steam 
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through  the  same,  or  the  slider  may  be  opened,  as  shown 
by  the  dotted  lines,  to  allow  the  piston  F  to  pass  freely 
through  the  cylinder ;  this  is  done  by  moving  it  sideways 
on  its  centre  3,  out  of  the  cylinder  into  the  box  or  caae  M, 
which  is  provided  for  its  reception.    The  sliders  are  pat 
in  motion   by  a  communication  from  the  outside  of  the 
engine,  so  that  each  one  shall  begin  to  open  as  soon  as  the 
piston  F  approaches  it,  and  shall  be  completely  opened 
whilst  the  piston  passes  by,  and  that  it  shall  then  deacend 
again  upon  its  seat.  N  O,  figs.  1.  and  4.,  are  two  passag^es, 
through  each  of  which  the  steam  is  alternately  introduced 
and  withdrawn  from  the  cylinder ;  the  two  passages  are 
placed  on  opposite  sides  of  the  centre  of  the  engine,  and 
are  provided  with  valves  or  cocks,  which  are  adapted  to 
be  opened  and  shut  by  the'action  of  the  machinery  in  such 
succession,  that  when  steam  is  entered  from  the  boiler, 
into  the  cylinder  at  one  passage,  it  shall  be  going  out  into 
the  open  air,  or  to  the  condenser  at  the  oppo<;ite  passage. 
The  machinery  which  actuates  the  slides  K  L,  and  the 
machinery  which  opens  the  valves  for  the  admission  and 
exhaustion  of  the  steam  through  the  passages  N  and  O, 
act  in  concert  with  each  other,  and  also  with  the  motion 
of  the  piston  F;  so  that,  as  soon  as  possible  after  the  piston 
has  passed  by  the  seat  of  a  slider,  the  same  shall  belowered 
down  into  its  place,  ready  to  close  the  passage  of  the  cylin- 
der behind  the  piston,  and  the  instant  the  piston  has  passed 
by  the  next  opening,  the  steam  is  admitted  to  flow  therein, 
and  act  between  the  slider  and  the  piston,  to  force  the 
same  forwards  in  the  cylinder  by  its  expansive  force. 

^^  To  explain  the  action  of  the  engine  more  clearly,  sup- 
pose the  parts  in  the  position  of  fig.  1. ;  the  slider  L  is  shut, 
and  the  steam  is  flowing  through  the  passage  O  into  the  space 
between  the  slider  L  and  the  piston  F,  at  the  same  time  the 
passage  N  is  open  to  the  condenser,  to  exhaust  the  steam 
irom  the  remaining  part  of  the  cylinder,  and  remove  the 
pressure  from  the  front  side  O  of  the  piston.  In  conse- 
quence, the  pressure  of  the  steam  acting  behind  the  pis^ 
ton  of  the  side  F,  puts  the  same  in  motion  in  the  direction 
of  the  arrow,  and  drives  the  arm  of  (he  central  plate  be- 
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fore  it.  The  slider  K,  now  in  the  act  of  opening,  and  by 
the  time  the  projecting  part  of  the  plate  G  arrives  at  its 
seat,  it  will  be  quite  open  into  the  box  M,  where  it  will 
remain  until  the  piston  F  has  passed  by  its  seat ;  it  then 
begins  to  descend,  and  by  the  time  the  piston  arrives  at 
the  opening  of  the  passage  N,  the  slider  K  wilt  be  com* 
pletely  shut,  and  stop  the  cylinder.  The  instant  the  pis* 
ton  has  passed  over  the  opening  of  the  passage  N,  the 
steam  valves  are  changed  by  the  machinery,  so  as  to  admit 
the  steam  into  the  passage  N,  and  also  to  allow  the  steam 
to  pass  away  through  .the  other  passage  O  to  the  conden- 
ser ;  in  consequence,  the  steam  enters  the  space  between  N 
and  K,  and  thus,  being  behind  the  piston,  drives  it  still 
forwards  towards  the  slider  L,  which  immediately  be- 
gins to  rise  by  the  action  of  the  machinery,  and  as  soon 
as  the  projecting  part  G  of  the  central  plate  approaches  it, 
it  will  have  retreated  into  the  box  M,  leaving  the  cylinder 
free  for  the  passage  of  the  piston.  Immediately  after  the 
piston  has  passed  the  slider,  L  descends  ag^in,  and  gets 
settled  to  its  place  by  the  time  the  piston  arrives  at  the 
opening  O ;  and  the  instant  the  piston  has  passed  over  this 
opening,  the  steam  valves  are  changed  again,  so  that  the 
steam  will  be  admitted  at  O  behind  the  piston,  and  act  be- 
tween the  slider  Li  and  the  back  of  the  piston  to  force  it 
forwards,  which  is  the  same  position  represented  in  the 
figure.  By  this  means  the  pressure  of  the  steam  is  always 
made  to  act  behind  the  piston,  and  the  vacuum  is  made 
before  the  same.  The  sliders  K  and  L  are  put  in  motion 
by  levers  9  and  10,  which  are  fitted  on  the  outsides  of  the 
boxes  M,  but  move  upon  the  same  centre  ptns  3,  as  the 
sliders  move  upon  withinside  the  boxes,  the  levers  being 
forked,  as  shown  at  fig.  6,  to  reach  on  each  side  of  the 
boxes,  and  the  centre  pins  3,  pass  through  the  sides  of  the 
boxes,  and  also  through  both  forks  of  the  levers  9,  10,  but 
do  not  turn  round  in  the  holes.  To  communicate  motion 
from  the  levers  at  the  outsides  of  the  boxes  to  the  valves 
withinside,  curved  rods,  II9 II9  are  carried  from  the  levers 
through  the  sides  of  the  boxes  M,  and  jointed  to  the  arm 
of  the  sliders  ;  stuffing  boxes  arc  formed  round  the  rods  to 


SdS  TUBKER^S  KOTAKT  BNOINB. 

make  tight  fittings  where  they  pass  through  the  aides  of 
the  boxes  M ;  the  ends  of  the  levers,  9,  10,  are  made  to  be 
included  in  an  eccentric  groove  or  rein  Z  Y,  fixed   to  the 
central  axis  H ;  the  form  of  thift  is  shown  in  fig.  2,  and  is 
such  as  to  hold  the  sliders  shut,  except  during  the  time  that 
it  is  necessary  to  lift  up  the  same  to  allow  the  pistcHi  to 
pass  by.    To  make  the  sliders  fit  steam-tight  when  they 
are  shut,  they  are  made  rather  larger  than  the  diameter  of 
the  cylinder,  and  are  received  in  grooves  made  round  in 
the  inside  thereof,  and  the  valves  are  ground  against  cme 
of  these  feces  of  each  of  these  grooves,  so  that   they 
will  fit  tight  without  any  packing.     The  piston  is  made  of 
several  segments  put  together,  with  springs  behind  them, 
to  throw  them  out  against  the  inside  surface  of  the  cylin- 
der,  and  it  is  thus  made  tight  without  any  packing  of  hemp. 
^^  The  edge  of  the  central  plate  6,  which  has  the  pro* 
jecting  arm  to  communicate  with  the  piston,  must  be  made 
to  fit  tight  between  the  upper  and  lower  halves  which 
compose  the  cylinder,  so  as  to  prevent  the  escape  of  steam 
between  them,  and  at  the  same  time  leaving  the  said  plate 
freely  at  liberty  to  revolve  in  the  space ;  for  this  purpose 
the  edge  of  the  plate  is  surrounded  by  two  rings  of  brass, 
5  and  6,  which  are  laid  one  upon  the  other  with  springs 
between  them,  so  as  to  throw  them  against  the  upper  and 
lower  surfaces  of  the  central  space,  to  which  they  are  ac- 
curately fitted  by  grinding;    these  rings  extend   round 
rather  more  than  half  the  circumference  of  the  plate  G, 
and  are  attached  thereto  by  a  joint-pin  7,  fig.  1,  which 
causes  them  to  revolve  with  it ;  but  they  require  no  other 
fastening,  as  the  pressure  of  the  steam  will   keep  them  in 
their  places. 

^'  To  prevent  the  escape  of  the  steam  through  the  open- 
ing  or  division  between  the  two  rings  5  and  (>,  a  third  ring^ 
7,  8,  fitted  to  them,  covers  the  joints,  and  the  external 
edge  of  this,  which  is  made  round  or  semi-circular  like  a 
bead,  is  received  into  corresponding  notches  made  in  the 
edges  of  the  sliders,  and  thus  to  make  a  fitting  between 
the  edges  of  the  sliders,  when  the  same  are  closed,  and  the 
edge  of  the  moveable  central  plate.  The  valves  which  are 
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to  admit  alternately  the  steam  into  the  passage  N  O, 
may  be  constructed  in  the  same  manner  as  the  vaWes  for 
the  ultimate  supply  of  the  upper  and  lower  part  of  the 
cylinder  of  any  common  steam  engine  ;  but  the  roost  con- 
venient manner  of  doing  this  is  shown  in  fig.  4.  QQ9  is  an 
iron  box,  into  which  the  steam  from  the  boiler  is  admitted : 
this  box  is  fixed  beneath  the  cylinder  of  the  engine  ;  17, 
18,  are  two  openings  from  which  curred  tubes  proceed  up- 
wards to  the  openings,  N  O,  of  the  cylinder ;  there  are 
also  two  other  openings,  19  and  20,  which  turn  downwards 
with  crooked  tubes  to  the  condenser  S.  TV  are  boxes  or 
cups  fixed  at  the  opposite  ends  of  a  lever  T  W  V,  of  which 
W  is  the  centre  of  motion  ;  the  boxes  or  cups  are  intended 
to  cover  the  openings,  in  the  manner  represented  by  the 
figure,  and  the  faces  or  edges  of  the  boxes  are  ground  to 
fit  close  upon  the  flate  plate  or  surface,  in  which  the  open- 
ings 17  and  18  are  made.  When  the  box  T  is  up,  as  in  the 
figure,  it  covers  the  two  openings,  17  and  19,  so  as  .to  con* 
nect  them  together,  and  therefore  the  steam  in  the  cylin- 
der will  be  drawn  off  through  17  and  19  to  the  condenser; 
at  the  same  time  the  box  V  at  the  opposite  end  of  the 
lever  is  drawn,  and  in  this  position  the  box  leaves  the 
opening  18  uncovered,  so  that  the  steam  with  which  the 
box  is  filled  will  have  free  passage  into  the  cylinder  ;  by 
moving  the  lever  T  V  on  its  centre  W,  sufficiently  to  raise 
up  the  box  y,  and  depress  the  other  T,  the  action  will  be 
exactly  reversed,  viz.  the  box  V  will  connect  the  openings 
18,  leading  from  the  cylinder,  at  the  opening  20,  which 
leads  to  the  condenser ;  and  the  opening  17,  will  be  un- 
covered, so  as  to  admit  the  steam  from  the  box  through  it 
into  the  cylinder  at  the  opening  N.'' 

There  is  great  ingenuity  displayed  in  the  formation  of 
this  machine,  and  the  whole  shows  much  mechanical  abi- 
lity ;  nevertheless  there  are  defects  of  a  sufficiently  promi- 
nent nature  to  ac^.ount  for  its  failure.  The  very  common 
fault  of  great  friction,  arising  from  the  use  of  the  revolv- 
ing plates,  is  here  a  difficulty  which  we  conceive  could  not 
be  readily  overcome ;  but  the  principal  cause  would  be 
leakage,  arising  from  the  impossibility  of  keeping  the  rub* 
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hing  surfaces  steam-tight.   This  leaka^  would  lake  place 
principally  in  the  part  where  the  sliders  should  be  in  con- 
tact with  the  central  plate;  it  appears  to  us  that  the  rapid 
motion  of  the  slider  must  necessarily  cause  it  to  rebound 
from  the  plate,  and  leave  an  open  space  for  the  escape  of 
the  steam  ;  we  also  apprehend  that  the  sur&ces  of  each 
slider  would  in  a  short  time  become  so  irregularly  woniy 
that  it  would  not  fit  its  seat  on  the  surface  of  the  groove, 
for  the  top  and  bottom  of  the  slider  are  constantly  in  con- 
tact with  the  surface  of  the  groove,  during  the  whole  of 
its  motion,  whilst  the  sides  (speaking  relatively,  for  there 
can  be  neither  tops  nor  sides  of  a  circle)  are  merely  in 
contact  at  the  time  the  slider  is  moving  through  a  space 
«*qual  to  the  depth  of  the  groove.     This  will  produce  a 
greater  wear  on  one  part  of  the  slider  than  another,  and  of 
course,  in  time,  cause  the  joint  to  allow  an  escape  of  steam. 

Another  fault  in  this  machine  is,  that  the  mode  of  work- 
ing the.  sliders  by  means  of  the  semi-circular  rods  is  a  very 
insecure  method  ;  and  from  the  indirect  application  of  the 
power  necessary  to  work  them,  there  is  a  constant  danger 
of  bending  the  rods,  and,  consequently,  leaving  the  slider 
in  the  groove.  If  this  were  to  happen,  the  piston  in  its 
revolution  would  come  violently  in  contact  with  the  slider, 
rnd  roost  likely  cut  it  in  two,  or  otherwise  injure  it  and 
the  rest  ofthe  engine  beyond  repair.* 

A  patent  was  obtained  by  Mr.  Joshua  Routledge,  of 
Bolton-Ie'-Moor,  in  the  year  1818,  for  a  Rotary  Engine, 
of  which  the  accompanying  drawing  is  a  section,  and  may 
be  thus  explained. 

Suppose  the  steam-stop  C,  and  the  lever  H  6,  to  be 
properly  packed  in  the  situation  represented  by  the  draw- 
ing, so  that  the  steam  cannot  escape  past  either  one  or  the 
other,  it  will  be  evident  that  if  the  steam  be  admitted 
through  the  pipe  G  into  the  space  M,  the  lever  H  b  will  be 

•  The  author  of  Staart*8  History  of  the  Steam  Engine  sUtes— ''that 
the  general  arrangement  of  the  parts  and  manner  of  action  of  this  en- 
gine resembles  Mr.  Mcad*8/*  This  apology  for  omitting  the  ingenioas 
apparatus  of  Mr.  Mead  is  singular  enough,  as  no  two  machines  which 
we  have  described  can  be  more  essentially  different 
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propelled  forward  towards  C,  through  the  apace  Q,  until 
the  sloping  part  H  comes  in  contact  with  the  lower  point 
of  the  Bteam  stop  C,  which  will  then  turn  upon  a  steam- 
tight  joint  or  centre  O,  and  rise  up  into  the  box  or  cham- 
ber D,  until  the  lever  H  b  has  passed  by.  The  pressure  of 
the  steam  then  compels  the  stop  C  to  follow  the  lever 
down  the  inclined  plane  b,  until  it  comes  into  its  former 
resting  place,  where  it  remains  stationary  upon  the  cylin- 
drical part  of  the  lever,  as  seen  in  the  drawing,  until  again 
raised  by  the  sloping  part  H  as  before.  During  the  time 
that  the  point  H  i  is  passing  the  steam-top  C,  the  steam 
that  had  last  carried  the  lever  round  makes  its  escape 
through  the  pipe  B,  either  into  the  open  air  or  into  a  con- 
denser, and  new  steam  is  again  instantly  admitted,  and  so 
an  continually.  When  the  engine  is  thus  constructed 
with  only  one  arm  or  lever,  there  is  about  one-tenth  of 
the  circle  or  rerolution  where  the  steam  has  no  power; 
the  motion  of  the  engine  is  then  kept  up  by  the  velocity 
10.  2g 
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already  given  to  the  fly  wheel ;  but  when  two  arms  or 
levers  are  used,  as  in  large  engines^  thea  the  steam  is  made 
to  act  with  equal  force  through  the  whole  of  the  revo- 
lution. 

A  patent  was  obtained,  in  the  year  1S18,  for  a  Rotary 
Engine,  by  Mr.  John  Malam,  of  Westminster,  which  in 
its  general  principle  resembles  those  of  Messrs.  Cartwrigbt, 
Chapman,    and   Routledge ;    the    details,  however,  are 
somewhat  diferent.     The  main   point  of  difference  is, 
that  Mr.  Malam  purposes  to  cause  his  external  cylinder 
to  revolve^  and  leave  the  interior  one  at  rest.  This  he  pur- 
poses to  effect  by  using  a  ^  leaden  piston,**  which  by  its 
weight  will  always  remain  at  or  near  the  lowest  part 
of  the  circle,  whilst  the  steam  acts  upon  valves  or  flaps 
which,  after  they  pass  the  piston,  open  out  and  receive 
the  action  of  the  steam.    There  are  three  of  such  valves, 
which  are  exactly  the  same  as  those  used  in  the  engines  of 
the  persons  just  mentioned,  and  operate  in  the  same  wtf. 
The  piston  consists  of  a  heavy  block  of  lead,  fitted  exactlj 
by  packing  or  otherwise  *to  the  cylinder;  and  the  whole 
apparatus  difiers  so  little  in  other  respects  from  tLose^ 
that  it  b  apprehended  no  further  description  will  be  ne* 
eessary.    The  motive  of  the  patentee,  in  causinf^  the  ex- 
ternal cylinder  to  revolve,  was  evidently  to  avoid  the 
inequality  of  wear  which  may  arise  from  fixing  the  exter- 
nal cylinder,  and  making  the  internal  parts  to  re  vol  ^^; 
for,  in  the  latter  method,  the  axis  and  machinery  attached 
to  it  have  a  tendency  to  wear  downwards  by  gravitation, 
and  get  out  of  truth  ;  this  would  in  time  cause  the  cylin- 
der to  assume  an  oval  form,  and  thereby  render  it  difficalt 
to  be  kept  tight  by  packing,  and  this  (it  should  be  ob- 
served by  the  way)  has  been  considered  as  one  objection 
among  the  many  urged  against  rotary  engines,  though 
perhaps,  if  every  other  could  be  overcome,  this,  on  account 
of  the  length  of  time  which  must  elapse  before  it  could 
occasion  a  serious  inconvenience,  would  not  operate  to 
prevent  the  successful  application  of  such  an  engine. 

But  it  must  appear  to  all,  that  the  patentee's  plan  of 
oLviating  this  evil  is  but  a  clumsy  and  ill-contrived  one* 
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The  valves  out  of  the  question  (the  faults  of  which  have 
been  already  explained),  we  cannot  for  a  moment  think 
that  the  weight  or  piston  could  afford  an  abutment  of  suf-^ 
iicient  firmness  and  steadiness  to  produce  any  regular  and 
equable  motion;  indeed,  we  doubt  whether  any  weigh t, 
placed  as  this  was,  could  remain  stationary  whilst  passing 
over  the  inequalities  of  such  a  cylinder,  and  enduring  the 
varied  force  of  the  steam  upon  the  changing  of  the  valves. 
There  can  be  little  doubt  but  that  it  would  vibrate  to  and 
fro,  as  each  valve  opened  and  shut,  and  thereby  destroy  as 
much  power  by  reciprocation  as  any  steam  engine  ever 
known* 

The  same  specification  likewise  contains  a  description 
of  another  rotary  engine,  in  which  (he  abutment  consists 
of  mercury,  water,  or  fusible  metal,  such  as  lead  and  bis* 
muth*  In  this  engine  there  are  three  drums,  the  exterior 
one  forms  a  easing  or  jacket  to  the  second,  and  is  kept 
heated  by  steam  or  hot  air.  These  two  outer  drums  are 
stationary,  whilst  the  inner  one  revolves  upon  its  axis,  one 
end  of  which  is  tubular,  for  the  admission  of  the  steam. 
There  are  attached  to  the  moving  cylinder  certain  curved 
partitions,  which  form  chambers  something  like  the  buckets 
of  a  water-wheel.  The  steam  being  introduced  through 
the  hollow  axle,  after  filling  the  inner  cylinder,  flows  into 
one  of  the  compartments  formed  by  the  curved  partition, 
and  pressing  upon  the  fluid,  causes  the  drum  to  rise  on 
that  side  and  revolve  upon  its  axle;  this  suffers  the  steanii 
to  enter  the  compartment  underneath  the  first,  (in  a 
manner  not  clearly  described),  and  force  it  out  of  the  fluid. 
The  first  compartment  is  by  this  time  above  the  level  of 
the  fluid,  and  the  steam  at  liberty  to  escape  into  the 
channel  above,  which  communicates  with  a  condenser  or 
the  open  air.  The  chambers  are  thus  filled  with  steam, 
and  raised  in  succession  above  the  surface  of  the  fluid,  and 
produce  a  constant  rotation  of  the  axis. 

This  latter  scheme  differs  little  from  the  Steam  Wheel 
of  Sir  W.  Congreve,  which  is  simply  an  overshot  wheel 
completely  immersed  in  some  liquid,  in  which  it  is  made  to 
revolve  by  the  introduction  of  steam  underneath  the  in* 
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Terted  buckets,  which  by  displacing  the  water  with  whick 
they  are  filled,  renders  one  side  of  the  wheel  buoyant,  and 
causes  it  to  ascend.  By  this  means  the  backets  are  suc- 
cessively brought  above  the  induction  pipe  and  filled  with 
steam,  which  continues  the  buoyancy  of  the  ascending-  side, 
and  keeps  up  a  constant  revolution  of  the  axis.  The  steam 
in  the  buckets  is  discharged  into  the  air  as  soon  as  they 
have  reached  the  surface  of  the  fluid,  the  latter  then  en- 
tering them  and  occupying  the  place  of  the  steam. 

Neither  of  these  schemes  is  sufficiently  meritorious  to 
demand  much  consideration,  and  they  only  deserve  notice 
because  they  have  engaged  the  attention  of  highly-talented 
individuals.  Mr.  Bryan  Donkin  and  Mr.  Malam  have 
both  tried  the  same  plan,  and  found  that  the  effect  bore  a 
very  small  proportion  to  the  steam  expended.  This  was 
mainly  attributed,  in  the  water  engine,  to  the  large  quan- 
tity of  exposed  liquid  which  is  to  be  maintained  at  a  tem- 
perature equal  to  that  of  the  steam,  and  to  the  difBculty 
of  getting  the  steam  into  the  buckets  without  allowing  a 
considerable  portion  of  it  to  escape  through  the  water, 
without  at  all  aiding  the  revolution  of  the  wheel.  An 
insuperable  difficulty  also  was  encountered  regarding  the 
temperature  of  the  water ;  for  if  the  water  were  below  the 
boiling  point,  a  great  portion  of  the  steam  was  condensed, 
and  if  at  or  above  that  temperature,  the  water  was  speedily 
dissipated  in  vapour,  and  required  to  be  replenished  by 
more  water,  which,  if  not  sufficiently  hot,  again  produced 
condensation,  but  if  it  were  used  boiling  hot,  a  separate 
boiler  was  necessary  to  supply  the  reservoir. 

Any  one  of  these  difficulties,  however,  we  apprehend 
would  be  sufficient  to  prevent  success,  and  this  may  account 
for  the  failure  of  the  mercury  engine  of  Mr.  Malam,  in 
which  it  appears  that  the  great  evil  would  be  the  steam 
wasted,  by  escaping  past  the  sides  of  the  compartments; 
for  without  the  nicest  regulation  of  the  supply  of  the  steam, 
not  one  half  of  it  would  take  its  place  in  the  bucket,  owing 
to  the  facility  with  which  it  might  displace  the  mercury 
and  rush  through  it  to  the  surface,  and  so  to  the  eduction 
pipe.    We  are  not  able  to  speak  as  to  the  oxidization 
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^hich  would  take  place  on  the  mercury,  when  exposed  to 
constant  heat,  but  we  apprehend  this  would  be  very  con- 
siderable, and  of  course  add  to  the  defects  of  the  plan. 

We  described  in  a  former  part  of  this  work  a  very 
simple  modification  of  Savery^s  plan  of  raising  water  in 
the  engine  of  Mr.  Nuncarrow;  and  from  the  great  sim- 
plicity of  another  apparatus,  on  the  like  principle,  we  are 
induced  to  give  an  account  of  it.  We  allude  to  the 
machine  of  Mr.  Pontifex,  of  Shoe  Lane,  London,  whose 
improvement  consists,  it  will  be  seen,  in  rendering  the 
machine  a  self-acting  one;  but,  besides  this,  the  skilful 
arrangement  of  the  parts,  and  the  precision  and  certainty 
of  its  movements,  make  it  an  object  worthy  of  attention. 
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^^  b  b  are  two  steam  cylinders  connected  by  croos  tubes 
at  c  c,  in  each  of  which  a  vacuuro  is  alternately  fonued  by 
the  condensation  of  elastic  vapour,  connected  from   the 
boiler  by  the  bent  tube  dy  and  admitted  to  the  steam  cy- 
linders by  means  of  the  sliding  valve,  e.    Xf,  two  tubes 
perforated  with  small  holes  for  the  admission  of  steam  and 
injection  water,  the  latter  of  which  is  distributed  by  felling 
on  the  strap,  g.    A,  the  suction  pipe,  proceeding*  to  the 
bottom  of  the  well,  which  in  no  case  ought  to  exceed  Irom 
twenty-eight  to  thirty  feet  in  depth;  so  that  a  vacuum 
being  formed  in  the  copper  vessels,  b  6,  the  water  will  be 
raised  by  the  pressure  of  the  atmosphere,  and  passing  up 
the  tube  A,  will  take  the  place  of  the  elastic  vapour,     t  ^ 
two  valves  placed  at  the  upper  end  of  the  suction  pipe.  A, 
which  allow  of  the  upper  passage  of  the  water  from  the 
well,  but  prevent  its  return,    jj^  two  similar  valves,  open' 
ing  into  the  air  vessel,  A,  to  which  is  attached  the  nozzle  l^ 
serving  to  convey  the  water  from  the  copper  vessels  to 
any  required  point*    m,  the  injection  tube^  furnished  with 
a  valve,  and  intended  to  convey  water  from  the  box,  n,  to 
the  taper  tubes,/*/.    j>,  stop  cock  to  regulate  the  supply 
of  condensing  water.     There  is  a  tube  passing  from  the 
bottom  of  the  cistern,  n,  to  the  injection  tube,  m,  and  fur- 
nished with  a  stop-cock  at  a.    To  put  this  engine  in  action, 
the  steam  must  be  first  raised  to  the  boiling  point,  and  the 
valve  or  cock  opened,  which  admits  it  to  pass  from  the 
boiler  to  the  pipe  d.     One  of  the  buckets  must  now  be 
made  to  descend,  which  will  open  the  sliding  valve,  e,  and 
admit  the  steam  into  the  cylinder,  b  1.     The  atmospheric 
air,  which  will  thus  be  expelled  from  the  cylinder,  is  al- 
lowed to  pass  through  the  valve  j,  and  nozzle  L    The 
other  bucket  must  then  be  depressed,  and  by  its  action 
upon  the  sliding  valve  it  will  open  a  communication  for 
the  injection  water  through  the  pipe,  q  g,  which  passing 
down  the  perforated  tube,  /,  will  immediately  condense 
the  steam,  and  form  a  vacuum  in  the  vessel.     The  whole 
pressure  of  the  atmosphere  being  now  removed  from  the 
suction  pipe,  A,  the  water  will  rush  up  to  restore  the  equili- 
brium,  and  the  vessel,  6,  being  filled,  will  furnish  a  supply 
at  the  bent  tul:e,  /. 
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^  Hatring^  examined  the  action  on  one  half  cf  the  appa- 
ratus, we  may  suppose  the  same  effect  to  be  produced  on 
the  opposite  side*  The  steam  will,  in  the  first  instance, 
be  admitted  by  the  pipe  €,  and  a  commanieation  after- 
wards opened  by  meain  of  the  sliding  Talve  with  the  con- 
densing water,  which  by  reducing  the  steam  to  its  original 
bulk,  will  form  a  vacuum,  and  the  water  will  again  ascend 
as  in  the  first  vessel.  The  stofHCOck,  y,  must  now  be 
opened,  and  the  bucket  x,  (first  described)  made  to  descend, 
which  will  remove  the  sliding  valve,  «,  to  its  original  po« 
sition,  and  admit  the  steam  to  the  -upper  part  of  the  first 
vessel,  which  will  depress  the  water  and  cause  it  to  flow 
through  the  valve  j,  and  nozzle  I,  while  at  the  same  time 
the  water  will  pass  through  the  tube  u  tt,  in  which  the 
valve  w^  is  inserted,  beneath  the  inverted  vessel,  v.  The 
water  will  continue  to  enter  the  bucket,  x,  till  its  increas- 
ing weight  causes  it  to  preponderate,  and  turn  the  sliding 
valve,  €,  in  the  opposite  direction.  Should  there  not  be  a 
sufiicient  supply  of  water  in  the  cistern,  rr,  for  the  pur- 
pose of  confusing  the  steam  in  the  larger  vessels,  the 
stop-cock,  p,  most  be  opened,  and  an  additional  supply  of 
water  will  then  be  furnished  from  the  chambers,  nn,  by 
the  tube  m ;  and  in  the  event  of  the  bucket  not  being  de- 
pressed at  the  instant  that  the  water  is  expelled  from  the 
chamber,  n,  of  the  vessel  6,  the  steam  will  pass  through 
the  tube,  u  u,  and  act  between  the  under  side  of  the  fixed 
inverted  vessel,  i;,  and  the  surface  of  the  water  in  the  move- 
able bucket,  X,  the  descent  of  the  backet  being  accele- 
rated by  the  repellent  force  of  the  steam,  so  that  by  the 
alternate  action  of  the  buckets,  xx,  the  motion  of  the  en- 
gine is  rendered  continuous. 

^^  It  appears  that  each  steam  vessel  in  the  engine  em- 
ployed at  the  City  Gas  Works,  contains  about  36  gallons 
of  water,  which  is  raised  by  each  about  28  feet,  three  times 
every  two  minutes;  one  bushel  of  coals,  or  two  of  coke, 
serving  the  boiler  about  two  hours  and  three  quarters.'** 

In  1821,  a  patent  was  obtained  by  Mr.  Job  Rider,  of 
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Belfast,  in  Ireland,  for  a  rotary  engine,  wbich   has  been 
the  subject  of  great  encomium  in  several  periodicals  of  tlie 
day,  some  of  which  have  not  hesitated  to  declare,  that  io 
it  was  to  be  found  the  solution   of  the  grand  probleiD 
hitherto  sought  after  in  vain.  But  although  we  have  bees 
favoured  with  some  very  diffuse  remarks  by  these  works,  all 
of  them  have  omitted  to  notice  the  fact  of  its  being  nearly 
a  fac-simile  of  a  machine  patented  by  Messrs.  Bramah  and 
Dickenson,  thirty-one  years  previously  to  this  date.  We  do 
not  mean  to  declare  that  Mr.  Rider  is  not  the  inventor  of 
this  machine,  because  although  a  minute  description  and 
engraving  of  it  are  given  in  one  of  the  early  volumes  of  the 
Repertory  of  the  Arts,  yet  we  well  know  that  this  work  is 
too  scarce  to  be  found  in  the  hands  of  every  inventive  me- 
chanic :  besides  which,  it  is  highly  improbable   that  Mr. 
Rider  would  have  incurred  the  expense  of  a  patent  or 
patents  for  a  machine  which  was  notoriously  the  subject 
of  a  previous  one.     It  is,  however,  to  be  regretted    that 
Mr.   Rider  was    not    better  informed  on    the    subject, 
because  the  two  plans  resemble  each  other  so  closely,  that 
one.  might  almost  fancy  they  had  been  drawn  from   the 
same  model.     We  refer  our  readers,  for  a  full  explana- 
tion of  the  principle,  to  page  107,  of  this  work,  and  have 
merely  to  add,  that  a  respectable  manufactory  in  Scotland 
expended  a  very  considerable  sum  in  constructing  and  <  p- 
plying  one  of  these   engines  during  the  year  1825,  but 
have  abandoned  it,  from  the  impossibility  of  keeping  it 
even  tolerably  steam-tight. 

Mr.  Thomas  Masterman's  rotatory  engine,  patented  in 
J821,  which  is  the  same  species  of  engine  as  Mr.  Onions's, 
already  described,  comes  next  under  our  notice. 

Fig.  1.  represents  a  vertical  and  central  section  of  the 
troke  (being  that  part  of  the  engine  which  revolves). 
Fig.  2.  is  a  transverse  section  of  it,  and  of  the  two  masks 
after-mentioned.  The  troke  is  composed  of  the  axis,  of 
the  nucleus  (being  the  central  parts,  and  through  which 
the  axis  passes),  of  the  annulus  (being  a  hollow  ring,  in 
which  are  placed  valves),  and  of  the  radii  (being  the  steam 
passages  between  the  nucleus  and  the  annulus).    The  sur* 
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face  of  the  face  is  a  perfect  plane.  The  axis  passes  through 
the  hole  (1)  at  rifi^ht  angles  with  the  plane  of  the  face. 
Six  holes  (2)  of  similar  figure  and  dimensions  with  each 
other,  are  sunk  in  the  face,  at  equal  distances,  in  a  direc- 
tion parallel  to  the  axis,  for  three  or  four  inches ;  then 
curving  into  a  direction  at  right  angles  with  the  axis,  they 
open  in  the  periphery  of  the  nucleus. 

The  annulus  (A)  consists  of  six  equal  segments.  At 
each  of  their  joints  is  fixed  a  valve,  which,  by  being  ground 
on  its  seat,  is  rendered  steam-tight  when  closed. 

The  radii  (1,  2, 3, 4, 5,6,)  are  connected  with  the  nucleus 
and  annulus,  so  as  to  form  steam-tight  communications  be- 
tween each  hole  in  the  face  and  the  inside  of  the  annulus. 
Fig.  3  is  a  plan  of  the  inner  mask  ;  being  a  circular  plate 
of  metal,  of  equal  diameter  with  the  face,  about  two  inches 
thick,  and  having  each  side  perfect  planes  parallel  to  each 
other. 

There  are  four  holes  (1,2, 3,4,)  through  it :  1  is  of  suf- 
ficient size  to  admit  the  axis  ;  2, 3,  4,  are  each  one  sixth  of 
the  space  that  would  be  included  by  completing  the  two 
concentric  circles,  segments  of  which  form  the  sides  of 
those  holes  ;  and  those  circles  are  described  with  the  same 
radii  as  the  segments  of  those  which  bound  the  holes  in 
the  face.  Thus,  each  of  these  holes  would  extend  over 
one  of  the  holes  in  the  face,  and  one  of  the  adjoining 
spaces  :  the  space  between  2  and  3  is  of  such  dimensions  as 
just  to  cover  completely  one  of  the  holes  in  the  face.  4  is 
situated  so  as  to  leave  equal  spaces  between  it  and  2  and  3« 

The  periphery  of  this  mask  is  clasped  by  an  iron  hoop, 
from  which  projects  a  lever,  extending  nearly  to  the  an« 
nulus,  and  having  a  small  inclined  bar  placed  across  its 
end.  The  two  projections  from  fig.  4.  represent  the  begin- 
ning of  the  lever. 

The  outer  mask  is  a  circular  piece  of  metal,  of  the  same 
diameter,  and  about  the  same  thickness  as  the  inner  mask. 

The  axis  passes  through  both  masks ;  the  inner  mask  is 
placed  next  the  face,  the  other  next  the  inner  mask,  and 
both  are  kept  closely  pressed  towards  the  face  (by  means  of 
ncrews  acting  on  the  back  of  the  outer  mask),  so  as  to  be 
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steam-tight  with  each  other  and  with  the  face  :  a  trifling 
pressure  suffices  to  make  them  so,  the  opposed  surfaces 
haying  been  ground  on  each  other.  The  outer  mask  is 
placed  in  such  a  position  with  respect  to  fig.  1,  as  that  the 
pipe,  2,  may  be  horizontal,  and  point  towards  radius,  fig.  2, 
and  it  always  remains  stationary.  The  inner  mask  is  placed 
in  such  a  position  with  respect  to  the  outer  mask,  as  that 
the  holes  2,3,  4,  in  the  former  may  communicate  with  pipes 
corresponding  in  the  latter,  and  thus  form  a  communica- 
tion between  the  pipes  communicating  with  the  boiler  and 
the  air.  Thus  the  holes  in  the  inner  mask  are  for  the  same 
relative  purpose  as  the  pipes  in  the  outer  mask. 

The  transverse  sections  of  both  masks,  placed  in  their 
relative  positions,  are  represented  in  fig.  2. 

The  corresponding  letters  in  fig.  1  and  2,  refer  to  the  cor- 
responding parts  in  each  :  p  p  are  the  axis,  g  g  are  its 
bearings. 

As  the  valves,  and  the  gear  for  regulating  them,  are 
precisely  the  same  in  each  segment  of  the  annulus,  only 
two  of  them  (one  showing  their  position  closed,  the  other 
open)  are  lettered  for  reference. 

Each  valve  (fj  is  similar  to  the  other,  and  opens  in  the 
same  direction ;  its  gudgeons,  moving  freely  in  sockets, 
fixed  to  the  sides  of  the  annul  us  nearest  the  axis. 

Their  working-gear  is  as  follows  :  a  is  a  small  hollow 
protuberance  or  bonnet  screwed  on  the  annulus,  and  com- 
municating with  the  inside  of  it ;  on  one  of  its  inner  sides 
is  a  socket,  on  the  opposite  a  stuffing-box  ;  one  end  of  a 
spindle  works  in  the  socket,  the  other  passes  through  the 
stuffing-box  to  the  outside  of  the  bonnet ;  to  this  end  is 
attached  the  lever  b^  and  to  the  centre  is  attached  the  lever 
C ;  both  levers  being  at  right  angles  with  the  spindle,  and 
in  the  opposite  direction  to  each  other.  To  the  extremity 
of  c  is  attached  (by  a  moveable  joint)  the  rod  d,  and  to  the 
extremity  6  is  fixed  the  weight  e,  being  more  than  suffi- 
cient to  counterpoise/,  which  is  connected  with  it  by 
means  of  a  moveable  joint  at  the  other  end  of  cf,  and  at- 
tached to  the  centre  of/.  The  levers  are  so  placed  as  to 
cause/to  be  half  open  when  they  point  to  the  axis.  Thus 
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it  19  evident  that,  during  the  revolutions  of  the  iroke,  two 
of  the  valves  {f)  on  its  ascending  side  (denoted  by  the 
arrow)  will,  by  the  mere  preponderance  of  e,  be  shut,  and 
the  whole  of  the  others  will  be  open,  as  represented  in 

fig.  1. 

For  more  easily  comprehending  the  action  of  these  ralves, 
let  it  be  considered  that  their  movements  are  reg^ulated  by 
the  mere  gravity  of  the  weight  t. 

The  machinery  to  which  motion  is  to  be  imparted  is 
attached  to  that  end  of  the  axis  next  fig.  1. 

The  steam  is  generated  and  condensed  in  the  usual 
manner. 

The  principle  on  which  the  engine  acts,  is  by  a  liquid 
body  (water  or  mercury,  for  instance)  placed  in  the  annu- 
lus,  being  pressed  on  one  side  of  the  troke  by  the  steam^ 
until  that  side  gains  such  a  preponderance  over  the  other, 
as  to  overcome  the  resistance  of  the  machinery  attached 
to  the  axis,  and  by  being  then  sustained  there,  to  main- 
tain the  preponderance  during  the  revolution  of  the  troke. 

The  engine  represented  by  the  engraving  is  one  in  which 
water  is  the  liquid  made  use  of  in  the  annulus.  The  man- 
ner in  which  it  is  worked  is  as  follows  :^ 

The  annulus  is  nearly  half  filled  with  water,  which  need 
never  be  withdrawn.  The  troke  is  placed  so  as  to  have 
two  of  its  radii  in  a  vertical  position.  The  steam-cock 
is  turned  ;  consequently  the  steam  rushes  through  the  pipe 
and  hole  (2)  in  the  outer  and  inner  masks,  and  through  the 
lowest  hole  in  the  face  into  the  lowest  radius ;  and,  after 
imparting  to  the  surface  of  the  water  in  that  radius  its  own 
temperature,  it  presses  such  water  downwards,  and  flows 
into  the  annulus,  condensing  in  the  water  therein,  until  it 
has  imparted  (o  it,  also,  its  own  temperature,  which  will 
be  rapidly  accomplished.  On  the  temperatures  becoming 
alike,  the  steam  will  rise  through  the  water  on  both  sides 
of  the  troke,  and,  meeting  with  a  closed  valve  on  one  side, 
will  press  the  water  which  is  beneath  it  downwards,  and 
consequently  cause  the  water  on  the  other  side  to  rise 
proportionably,  until  th^e  preponderance  thus  given  to 
that  side,  be  sufficient  to  overcome  the  resistance  of  the 
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machinery  attacned  to  the  axis,  whereupon  the  troke  will 
ioQ mediately  begin  to  revolve*  The  load,  or  resistance 
of  the  machinery,  remaining  the  same,  and  the  supply  of 
steam  being  equable,  the  water  will  remain  nearly  sta- 
tionary during  the  revolutions  of  the  troke :  its  surfaces 
are  denoted  by  the  lines  at  n  and  o. 

As  the  troke  revolves,  each  of  the  holes  in  the  face  com* 
municates  in  succession  with  2,  in  the  inner  mask. 

It  should  be  borne  in  mind,  that,  as  has  before  been  ob- 
served, the  position  of  the  inner  mask  is  never  so  far 
changed  as  to  prevent  2  and  3  therein  communicating  with 
the  corresponding  pipes  in  the  outer  mask,  when  the  en- 
gine is  at  work. 

By  the  construction,  one  entire  hole  in  the  face,  or  parts 
of  two,  equal  to  one,  is,  or  are  always  in  communication 
vrith  2  in  the  inner  and  outer  masks  ;  so  that  there  is  al- 
ways an  equable  flow  of  steam  into  the  annul  us,  prevent*- 
ing  the  depressed  surface  of  the  water  rising  with  the  as- 
cending closed  valve. 

The  holes  in  the  face,  as  they  pass  in  succession  from  2 
to  3  in  the  inner  mask,  are  entirely  closed  by  the  space 
between  them ;  and  immediately  on  communicating  with 
3,  the  steam  confined  between  the  two  closed  valves  rushes 
from  the  annulus,  through  3,  into  the  air,  or  into  the  con- 
denser, if  one  be  used.  And  until  the  same  hole  in  the 
face  has  passed  3,  a  communication  with  the  air,  or  the 
condenser,  remains  for  the  discharge  of  the  steam. 

The  pressure  of  the  steam  being  thus  removed  from  each 
valve,  (/)  as  it  arrives  at  this  point,  it  will,  by  the  gravity 
of  e,  open  as  it  begins  to  descend,  (see  the  valve  partly 
open  in  fig.  1)  and  thus  allow  the  column  of  water  to  re- 
main on  that  side  of  the  troke. 

The  water  will  fill  the  radii  as  their  ends  descend 
beneath  the  elevated  surface,  o,  and  will  remain  there 
until  the  steam  presses  it  out  at  about  n,  but  cannot  escape, 
if  before  it  enters  them  the  hole  in  the  face  has  pressed 
the  hole  3 ;  otherwise,  however,  the  water  would  escape 
through  that  hole  into  the  air,  or  condenser. 

A  uniform  rotatory  motion  is  thus  produced  and  main- 
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tained  as  long  as  the  steam  flows  equably  into  the  anniiliB, 
acting  with  a  force  proportionable  to  the  preponderance 
of  the  water  on  one  side  of  the  troke  o?er  the  other.  This 
force  is  easily  estimated,  being  equal  to  the  weight  of  a 
perpendicular  column  of  water,  having  the  difference  of 
the  two  levels  for  its  altitude,  and  the  area  of  a  transveree 
section  of  the  annulus  for  its  base,  pressing  against  the 
closed  valve* 

This  description  of  Mr.  Masterman'u  engine  is  copied 
from  a  pamphlet  published  by  Messrs.  Underwood  in 
J822,  which  gives  a  very  clear  description  of  the  whole 
machine,  together  with  a  detail  of  the  comparative  advan- 
tages the  writer  imagined  this  machine  to  possess  over  the 
reciprocating  one.  As  it  will  serve  our  purpose  best,  in 
treating  on  this  machine,  to  follow  the  author  through 
some  of  his  remarks,  we  will  step  out  of  our  usual  course 
in  the  present  instance. 

The  difficulties  which  are  stated  to  have  been  obviated 
or  lessened  by  the  invention  of  this  engine  are,  "  1st,  the 
dkill  and  nicety  of  workmanship  required  in  construction 
and  erection ;  2d,  the  cost  of  construction  and  erection  j 
3d,  the  space  they  occupy ;  4th,  the  expense  of  working 
and  keeping  them  in  repair ;  5th,  the  power  lost  by  fric- 
tion, by  alternate  movement,  and  by  the  oblique  direction 
in  which  the  power  is  exerted  through  the  medium  of  the 
crank  rod ;  6th,  the  great  pressure  of  steam  required  to 
work  with  any  economy  without  a  condenser ;  and  7th, 
the  trouble  of  putting  them  in  motion  when  they  stop 
with  the  crank  in  a  vertical  direction,  and  the  care  re- 
quired to  prevent  the  fly  wheel  taking  a  reversed  motion.*' 
-  Before  going  into  Mr.  Masterman's  remarks  as  to  how 
for  these  faults  are  obviated,  it  may  be  worth  while,  in  the 
first  place,  to  see  whether  all  of  them  exist.  On  this  it 
may  be  said,  that  the  first,  second,  third,  and  fourth,  are 
evils  which  have  justly  occupied  the  consideration  of 
nearly  all  mechanics  since  the  general  adoption  of  the 
steam  engine,  and  are  in  reality  evils  of  such  a  nature  as 
to  be  evident  to  every  one. 

But  in  the  fifth  enunr^rated  evil  the  author  has  fallen 


OF  MASTF4RMAN^8  ENGINE.  239 

into  a  very  great  though  a  very  common  error,  in  conceiv-* 
ing  that  power  is  lost  by  the  oblique  position  in  which  the 
crank  receives  the  force  of  the  steam.  We  have  had  occa- 
sion more  than  once  to  lament  that  the  erroneous  idea 
ormed  on  this  subject,  has  led  many  able  mechanics  into 
reat  expense.  Perhaps  it  is  not  incorrect  to  say,  that 
ne  half  of  the  rotative  engines  which  have  been  attempted, 
would  never  have  been  undertaken,  had  the  different 
patentees  been  fully  aware  that  no  saving  is  effected  by 
increasing  the  length  of  the  lever  upon  which  the  steam 
exerts  its  force.  These  engines  have  generally  been  en- 
cumbered with  an  interior  cylinder,  or  drum  of  such  a 
diameter,  as  to  cause  a  considerable  friction,  the  purpose 
of  such  drum  being  to  prevent  the  steam  from  acting  near 
the  centre  of  motion,  where  it  was  conceived  it  would  be  in- 
effective.  Had  this  supposition  been  true,  Mr.  Master- 
man's  engine  would  have  had  ten  times  the  effect  of  any 
other  :  for  the  diameter  of  the  experimental  engine  being 
80  feet,  the  lever  would  be  ten  times  more  than  the  average 
length  of  a  crank  of  a  reciprocating  engine  of  the  same 
power. 

The  sixth  disadvantage  stated^  as  attendant  on  a  reci- 
procating engine,  is  the  great  pressure  of  steam  necessary 
to  work  it  without  a  condenser.  This  is  undoubtedly  a 
difficulty  which  is  of  no  small  moment,  and  Mr.  Master- 
man's  engine  (if  it  had  succeeded  in  other  respects,)  would 
have  bidden  fair  to  have  completely  obviated  it.  The  force 
of  steam  necessary  to  give  motion  to  an  annulus  of  a  large 
diameter  being  as  much  less  than  that  excited  on  a  crank, 
as  the  length  of  the  crank  is  less  than  the  semi-diameter  of 
the  annulus.  Hence  a  pressure  of  7  or  8  pounds  per  square 
inch  would  have  produced  the  same  effect  in  this  engine  as 
70  or  80  pounds  per  square  inch  would  have  produced, 
when  exerted  on  a  crank  of  18  inches  in  length. 

The  seventh  disadvantage  stated — ^Ms  the  trouble  of 

putting  a  steam  engine  in  motion,  when  it  stops  with  the 

crank  in  a  vertical  position ;  and  the  care  necessary  to 

prevent  the  fly  wheel  taking  a  reversed  motion.''  There  is 

o  doubt  that  it  is  a  very  great  inconvenience,  when  th^ 
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engine  stops  with  the  crank  in  a  vertical  position,  particu- 
Jarly  in  large  engines ;  and  we  have  frequently  seen  it 
necessary  in  such  cases  to  call  in  the  aid  of  several  work- 
men, and  lose  a  considerable  portion  of  time  before  the 
engine  could  be  put  in  motion,  and  that  not  unfrequentlj 
when  considerable  mischief  has  been  occasioned  by  such  a 
delay.     But  there  are  very  few  cases  in  which   it  is  noC 
expedient  and  absolutely  necessary  to  have  the  power  ot 
reversing  the  motion  of  the  engine.  Mr.  M  asterman,  there- 
fore, assumes  that  to  be  an  advantage  which  in  reality  h 
an  insuperable  objection  to  the  general  adoption  of  ao? 
machine  not  possessing  the  power  of  revolving  either  for- 
wards or  backwards.   In  steam  boats  particularly  (where 
Mr.  Masterman  is  sanguine  enough  to  imagine  his  mercury 
engine  could  be  applied  with  advantage)  the  capability  of 
easily  reversing  the  motion  is  a  point  of  first  consideratioa, 
and  without  such  power,  no  one  could  guarantee  their 
performing  a  voyage  with  safety. 

Having  shown  that  many  of  the  objections  here  stated  do 
not  exist,  we  shall  proceed  to  inquire,  how  for  those  which 
do,  are  obviated  by  this  machine;  and  we  shall  first  state 
that  we  have  had  frequent  opportunities  of  inspecting  the 
engine,  which  was  erected  by  Mr.  Masterman  at  Fawdoo 
colliery,  near  Newcastle ;  the  troke  of  which  was  28  feet 
in  diameter,  and  which  ought  to  have  been^  according  to 
his  calculation,  of  12  or  13  horses  power.  We  are  enabled 
therefore  to  speak  from  our  own  observation  ;  in  additioi 
to  which,  we  have  been  favoured  with  particular  informa- 
tion on  the  subject,  by  the  managing  engineer  of  Fawdon 
colliery. 

It  appears  that  the  ^*  skill  and  nicety  of  workmanship*' 
are  by  no  means  lessened  in  this  machine,  but  on  the  con- 
trary,  the  cost  of  it  m^ust  greatly  exceed  that  of  the  reci- 
procating engine.  It  is  stated  that  ^^  the  only  parts  re- 
quiring any  nicety  are  the  valves,  valve-seats,  face,  and 
masks,  which  must  work  steam-tight.''  Were  these  all,  it 
will  be  readily  conceived  that  the  care  required  in  fitting 
them  up,  must  greatly  exceed  that  of  a  recipro.cating  en* 
gine ;  there  being  no  less  than  28  surfaces  of  brass  and 
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metal  to  be  made  perfectly  smooth  and  steam-tight  by  the 
usual  processes  of  filing,  turning,  and  grinding ;  whereas 
in  the  common  engine  there  are  but  two,  requiring  such 
nicety.  It  follows,  therefore,  that  the  cost  as  well  as  the 
skill  required  in  the  construction,  must  exceed  that  of  the 
latter. 

In  remarking  on  the  comparatire  friction  of  the  two 
kinds  of  engines,  it  is  observed,  that  ^'  as  the  valves  dre  re- 
gulated by  the  gravity  of  the  weight,  there  is  no  friction 
in  the  pins.*'  This  is  an  error,  since  it  is  evident  that 
these  weights^  by  the  falling  of  which  the  valves  are 
worked,  must  be  raised  by  the  power  of  the  machine,  to 
the  elevation  from  which  they  fall :  as  much  force,  there- 
fore,  must  be  exerted  to  elevate  them,  as  would  have  been 
necessary  to  have  moved  the  valves  by  the  more  direct 
action  of  the  machine. 

But  these  defects  are  of  little  importance,  and  scarcely 
deserve  the  notice  we  have  given  them.  We  shall  now  shew 
what  appears  to  have  been  the  cause  of  failure.  This 
seems  chiefly  to  have  been  the  great  condensation,  arising 
from  the  exposure  of  the  steam  in  the  annulus.  The  steam 
occupying  one  half  of  the  circle  becomes  dispersed,  as  it 
were,  in  a  long  bended  pipe,  which  is  subjected  to  the  dis- 
advantage of  passing  through  the  air,  by  which  the  con- 
densation must  be  increased.  Another  cause  of  condensa- 
tion is  the  difference  in  temperature  between  the  depressed 
and  the.  elevated  surfaces  of  the  water.  The  lower 
surface  being  continually  in  contact  with  the  steam,  is 
nearly  of  the  same  heat,  whilst  the  upper  surface  is  con- 
siderably colder.  Now  the  different  segments  of  the  troke 
successively  lose  a  portion  of  their  caloric,  as  they  p€tes 
ot;€r  the  cooler  portion  of  the  liquid;  and  in  this  cooled 
state  become  the  recipients  of  the  steam ;  and  although 
there  is  a  tendency  in  the  machine  to  bring  all  parts  of  the 
water  to  an  equal  temperature,  it  was  found  preferable  to 
prevent  such  a  consequence,  by  a  supply  of  cold  water,  as 
the  elevated  surface,  when  so  heated,  expanded  into  stearo, 
and  escaped  through  the  discharging  pipe. 

Another  and  secondary  cause  of  waste  takes  place,  when 
11.  3i 
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there  is  the  least  variation  in  the  resistance  of  the  load; 
when  that  is  uniform,  the  steam  exerts  merely  the  force 
necessary  to  overcome  it;  but  upon  the  resistance  being 
increased,  the  steam  then  forcing  upon  the  yielding^  surface 
of  the  water,  without  immediately  producing  the  required 
speed,  drives  a  considerable  quantity  of  it  over  the  upper 
part  of  the  annulus,  into  the  empty  side  of  the  wheel;  and 
by  occupying  its  place,  rises  by  its  inferior  gravity  upwards 
through  the  water,  and  escapes  through  the  discharging 
pipe  without  producing  any  effect.    When  this  takes  place, 
it  is  some  time  before  the  water  returns  to  its  proper  situa* 
tion,  or  becomes  a  sufficiently  steady  abutment  to  produce 
the  required  powers. 

The  consequence  of  these  defects  was  extremely  ap« 
parent  in  the  engine  alluded  to;  the  escape  of  caloric 
being  such  that  few  persons  could  endure  the  heat  of  the 
engine-house  when  the  engine  was  working.  The  waste 
by  condensation  was  so  great,  that  it  required  a  boiler  of 
sufficient  capacity  to  have  worked  a  reciprocating  engine 
of  36  horses  power,  merely  to  drive  a  small  circular  saw, 
which  could  have  been  easily  driven  by  an  engine  of  2  or  3 
horses  power.  The  varied  resistance  produced  by  sawing 
wood,  rendered  the  last-named  defect  very  apparent ;  and, 
indeed,  considering  the  degree  in  which  its  effect  was 
weakened  by  the  irregularity  of  its  load,  perhaps  a  saw 
was  the  most  ill-judged  application  of  its  force. 

We  have  been  thus  particular  in  our  investigation  of 
this  ingenious  machine,  because  several  scientific  friends 
were  disappointed  by  its  failure,  and  because  both  Par* 
tington  and  the  author  of  Stuart's  History  have  anticipa- 
ted, that  ^^  if  ever  rotatory  engines  should  be  brought  into 
successful  competition  with  the  common  steam  engine,  it 
appeared  probable  that  they  might  be  constructed  on  this 
principle."  We  perfectly  agree  with  the  latter  writer, 
however,  in  the  opinion,  that  much  credit  is  due  to  Mr. 
Masterman  for  his  very  clear  and  interesting  account  ot 
his  machine,  and  the  candid  appeal  which  he  makes  to 
experiment.  We  trust,  in  examining  the  pages  of  his  little 
pamphlet,  that  we  he  re  been  divested  of  every  prejudice^ 
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and  that  our  apparently  severe  examination  will  be  attri* 
buted  to  the  proper  motive.  It  is  sincerely  to  be  wished 
that  more  would  follow  his  example,  and  fairly  submit 
tbeir  inventions  to  the  public,  divested,  like  his,  of  all 
mystery  and  quackery;  the  advantages  which  would  arise 
from  this  liberal  proceeding  would  be  incalculable. 


It  has  been  shown  in  an  early  part  of  this  work,  that  a 
bigh-pressure  engine  consumes  less  fuel  than  a  condensing 
engine  of  the  same  power,  and  that  the  force  of  the  steam 
per  square  inch  increases  in  a  much  greater  ratio  than  the 
temperature  communicated  to  the  water.  This  fact  fully 
establishes  the  superior  economy  of  a  high^pressure  engine, 
and  it  also  proves,  that  the  more  the  pressure  is  increased, 
still  less  fuel  prgportionably  will  be  required.  Though 
this  curious  phenomenon  is  universally  known,  yet  few 
attempts  had  been  made  in  England  to  use  steam  of  a 
pressure  exceeding  50,  or  at  most  100  pounds  on  the  square 
iflch,  until  the  recent  experiments  of  Mr.  Perkins.  This 
delay  among  our  engineers  to  adopt  what  would  seem  to 
promise  such  great  advantages,  must  be  attributed  to  a 
caution  which  has  been  well  grounded.  The  great  danger 
of  explosion  must  have  been  quite  sufficient  to  have  de<- 
terred  them  from  the  trial ;  and  until  that  could  be  effec- 
tually guarded  against,  it  would  have  been  madness  to 
increase  the  pressure  of  steam  beyond  its  present  limits. 
It  is,  indeed,  no  uncommon  circumstance  to  find  boilers  in 
America  loaded  to  double  and  sometimes  treble  the  pres- 
sure of  the  greatest  force  we  have  now  named;  but  still, 
with  boilers  of  the  usual  construction,  the  danger  must  be 
very  great,  and  the  liability  to  accident  such,  as  to  more 
than  counterbalance  all  the  advantages  that  can  be  ob- 
tained. 

Mr.  Jacob  Perkins,  however,  conceived  that  all  this 
saving  could  be  effected,  and  that  danger  could  be  re- 
moved, by  reducing  the  sisce  of  the  boiler.  We  shall  give 
Mr.  Perkins's  own  remarks  on  the  subject: — 

^^  It  is  a  well-known  fact  that  water  does  not  boil  under 
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atmospheric  pressure  until  it  has  been  heated  to  212*,  attar  f 
which  all  the  heat  that  can  be  applied  cannot  increase  the 
temperature  of  the  steam  or  water.  Now,  add  an  arti- 
ficlal  atmosphere  by  loading  the  escape  valve  (the  anrfiiM 
<tf  which  is  equal  to  a  square  inch)  with  14  lbs.  and  it  will 
eceive  SdO**  of  heat,  with  a  very  little  addition  of  fael,  and 
the  pressure  on  the  square  inch  will  be  doubled,  or  28lb&; 
the  mechanical  action  will  not  be  double,  yet  it  will  be 
increased  much  more  than  the  consumption  of  fuel.  Let 
the  valve  be  loaded  with  two  additional  atmospheres,  or 
42  lbs.,  and  the  temperature  will  be  raised  to  280^,  and  wiU 
again  produce  double  pressifre,  or  5Ct  lbs.  on  the  inch,  and 
so  on.  If  the  generator  be  made  strong  enough,  as  I  hare 
no  doubt  it  may  be,  to  withstand  60,000  lbs.  load  on  the 
escape  valve,  the  water  would  not  boil,  although  it  would 
exert  an  expansive  force  equal  to  66,000  lbs.  on  the  inch, 
and  be  at  about  1170^  of  heat,  or  cherry  red.  Water  thus 
heated  would,  if  it  were  allowed,  expand  itself  into  atmo- 
spheric steam,  without  receiving  any  additional' beat  from 
what  surrounded  it.  It  is  not,  however,  necessary  to  heat 
the  water  to  more  than  600®,  to  have  it  flash  into  steam,  if 
the  generator  be  properly  constructed." 

a  a  is  tha  generator,  kept  constantly  filled  with  water 
up  to  the  valve ;  6  6  is  the  furnace  surrounding  the  gene- 
rator, by  which  the  water  it  contains  is  intensely  heated, 
but  is  prevented  from  escaping,  notwithstanding  its  great 
expansive  force,  by  the  enormous  pressure  upon  the  valve 
by  the  variable  weight  d;  or  until  the  pump  o  has  forced 
a  given  quantity  of  water  into  the  lower  part  of  the  gene- 
rator, which  raises  the  valve,  and  causes  a  like  quantity 
of  the  heated  water  to  escape  into  the  pipe  c  c,  where 
flashing  instantaneously  into  steam,  it  rushes  into  the  cy- 
linder gf,  and  drives  the  piston /to  the  farthest  end  of  it; 
this  action  causes  a  communication  to  be  opened  into  the 
pipe  it  into  which  the  steam  passes;  the  pipe  k  k  passes 
through  the  condenser  {  /,  delivering  out  its  heat  to  the 
cold  water  contained  therein ;  from  thence,  after  descend- 
ing, it  takes  an  horizontal  course,  and  enters  the  reservoir 
tit,  from  whence  it  is  re-pumped  for  use  by  the  apparatus  o  o. 
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(Jacob  PerHns'i  Engine.    1S22.) 

The  arm  h  is  attached  at  one  end  to  the  piston  f,  and  is 
consequently  moved  by  it  in  a  horizontal  line  the  lene^th 
of  the  cylinder  jr,  and  the  other  end  of  the  arm  beinf  con- 
nected with  the  fly  wheel  t,  causes  it  to  revolve;  the  fly 
thus  put  into  action  gives  motion  to  the  rotatory  valve  e, 
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which  opens  and  shuts  alternately  a  commuDieatioB  oa 
both  sides  of  the  piston.  An  iron  rod  and  chain  q  being 
fixed  to  the  arm  &,  and  at  the  other  end  to  the  loaded 
lever  p,  the  pump  Oy  is  worked  by  the  action  of  tlie  arm, 
causing  at  every  revolution  of  the  fly  a  fresh  quantity  of 
water  to  be  forced  into  the  bottom  of  the  generator,  which 
again  raises  its  loaded  valve,  and  allows  the  escape  of  an 
equal  quantity  of  water  into  the  pipe  c  c,  where  flashiof 
into  steam,  and  rushing  into  the  cylinder,  it  operates  iipoii 
the  piston  again,  and  keeps  up  the  alternating  and  rotatory 
motion  of  the  several  parts  before  mentioned. 

The  condenser  //,  is  a  tube  of  copper  about  4  inches  ia 
diameter,  and  20  feet  long,  and  is  supplied  constantly  with 
cold  water  from  the  pump,  through  the  pipe  it  it.  This 
enters  the  condenser  at  the  lower  end,  and  is  discharged 
at  the  upper  end  into  the  descending  tube  r  r,  which  pro- 
ceeding  to  the  lower  part  of  the  apparatus,  ascends  in  a 
spiral  winding  of  many  coils  round  the  bottom  of  the  fur- 
nace  up  to  the  valve  s,  loaded  by  a  variable  weight  a, 
equal  to  700  lbs.  upon  the  square  inch  (or  about  SO  atmo- 
spheres) ;  from  the  valve  «,  the  tube  descends  as  at  t;  t;  v,  and 
proceeds  to  nearly  the  bottom  of  the  generator,  as  shows 
by  the  dotted  lines.  In  order  to  ensure  safety  to  the  ap- 
paratus, a  tube,  t  £,  is  fixed  to  the  generator,  and  proceeds 
to  the  dial  try  showing  the  degree  of  pressure,  or  the  num- 
ber of  atmospheres  at  which  the  machine  works.  Near  to 
the  middle  of  this  tube  is  fixed  a  safety  valve  of  copper,  x, 
which  is  torn  up  when  the  pressure  greatly  exceeds  the 
intended  force.  The  atmospheric  air  contained  in  the 
spaces  on  each  side  of  the  piston  escapes  by  tubes  at  zx, 
furnished  with  stop-cocks.* 

This  was  one  of  Mr.  Perkins's  early  modifications,  and 
although  there  have  been  various  altetations  since,  yet, 
as  those  have  been  nearly  all  in  the  engine,  which  of  course 
has  nothing  to  do  with  his  principle,  it  is  unnecessary  to 
give  them.  The  experiment,  as  far  as  it  regards  the  ge- 
neration of  steam  of  this  enormous  pressure,  has  been  quite 

*  Register  of  Arts  and  ScieBces,  vol.  i.  p. 
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decisiTe;  but  the  ecommy  of  engines  on  this  principle  haa 
not  been  so  fully  established.  It  appears  that  Mr.  Perkinses 
principal  difficulty  has  been,  not  the  generation  of  the 
steam,  but  its  application  to  the  machinery.  This  difficulty 
has  been  owing  to  the  high  temperature,  which  the  cylin* 
der  and  working  parts  acquire  when  in  operation,  which 
produces  several  inconveniences;  the  main  one  of  which  b, 
that  it  is  absolutely  impossible  to  lubricate  the  sides  of  the 
cylinder  or  valves  with  oil,  tallow,  or  any  such  material, 
although  it  is  well  known,  that  metallic  packing  cannot  be 
maintained,  even  in  a  condensing  engine,  tolerably  steam- 
tight,  without  some  such  application ;  and  if  such  a  diffi- 
culty occur  in  a  low-pressure  engine,  how  much  greater 
must  that  difficulty  be  in  an  engine,  working  at  the  g^reat 
force  of  steam  at  which  this  is  worked,  especially  when  we 
consider  the  very  subtile  nature  of  such  steam,  and  the 
much  greater  proportion  that  the  openings,  through  which 
the  escape  is,  bears  to  the  surface  of  a  piston  on  this  prin- 
ciple, than  similar  openings  in  a  metallic  packing  bear  to 
the  surface  of  a  piston  of  a  condensing  engine.  The  reason 
why  it  is  impracticable  to  apply  oil,  is,  that  the  great  tern* 
perature  of  the  cylinder  instantly  carbonizes  it,  or  causes  it 
to  pass  off  in  vapour,  and  in  that  form  to  escape  to  the 
atmosphere.  Another  inconvenience  is,  that  the  materials 
of  which  the  piston  and  valves  are  composed,  become  by 
wear  and  friction  (both  of  which  are  increased  by  the 
cause  just  named)  speedily  destroyed. 

In  order  to  obviate  some  of  these  evils,  Mr.  Perkins  hast 
just  taken  out  another  patent,  in  which  it  is  stated  that  he 
has  discovered  a  method  of  forming  a  metallic  piston,  of  a 
peculiar  alloy,  requiring  neither  oil,  tallow,  nor  any  lu- 
bricating material  whatever,  to  reduce  the  iViction ;  on  the 
contrary,  by  the  working  of  the  engine,  the  rubbing  sur- 
faces of  the  piston  and  cylinder  become  so  highly  polished, 
as  to  reduce  the  friction  considerably  below  that  of  the 
ordinary  metallic  packing  when  oiled. 

There  have  been  so  many  exaggerations  and  misrepre- 
sentations respecting  this  engine  from  first  to  last,  that  we 
cannot  venture  to  give  credence  to  any  thing  on  the  sub- 
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ject)  without  seeing  this  alleged  improvement  mi  actaal 
practice,  or  attested  by  men  of  credit  and  respectability ; 
certain  it  is,  that  Mr.  Perkins's  engine  can  never  answer, 
without  such  an  May  as  that  alluded  to ;  and  it  is  equally 
certain,  that  if  a  material  possessing  these  qualities  has 
been  discovered,  its  utility  will  not  be  limited  to  the  steam 
engine  alone,  but  will  be  equally  applicable  to  mackines 
of  almost  every  modification. 

Mr.  Marc  Izambard  Brunei  obtained  a  patent  in  I8S^ 
for  a  very  ingenious  application  of  the  steam  engine,  by 
which  the  connecting  rods  of  two  cylinders  are  made  to  give 
motion  to  the^same  crank:  the  following  figure  and  de- 
scription will  enable  our  readers  to  understand  it.* 

Fig.  1.  is  a  front  elevation,  and  fig.  2.  a  plan  or  birdV 
eye  view  of  the  engine,  divested  of  the  various  gear  and 
appendages  employed  in  communicating  its  power,  is 
order  that  it  may  be  clearly  and  readily  understood. 

a  a  a  is  a  strong  triangular  frame  of  cast  iron,  contain- 
ing the  two  working  cylinders,  b  b ;  these  cylinders  are 
inclined  towards  each  other,  so  as  to  form  an  angle  of 
108*,  that  particular  angle  having  been  found  by  Mr.  Bru- 
nei to  be  preferable  to  all  others  in  effecting  a  rotatory 
motion  to  the  crank,  by  the  alternating  action  of  the  piston 
rods,  cc  are  the  piston  rods  ;  d  d  the  connecting  rods,  at- 
tached to  the  revolving  crank  ee,  which  by  its  axis  com- 
municates motion  to  whatever  machinery  may  be  connected 
thereto  ;  //are  metal  rollers,  running  upon  guide  plates, 
to  give  support  to  the  pistons,  and  thereby  equalise  their 
friction  in  the  cylinders. 

The  steam  is  received  from  the  boiler  into  the  small 
cylinders  g  9,  and,  by  the  action  of  the  pistons  therein,  the 
steam  is  alternately  admitted  into  one  of  the  ends  of  the 
working  cylinders,  b  6,  and  a  passage  opened  for  its  escape 
at  the  other.  The  action  of  the  pistons  in  the  small  cylin- 
ders, g  9,  is  effected  by  eccentrics,  placed  upon  the  axis 
of  the  main  crank  e,  as  niiay  be  seen  at  fig.  2 ;  these  eecen* 
tries  give  motion  to  the  rods  h  A,  which,  by  the  intermediats 
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FIG.  1. 


(  BruneVs  Engine.    1823.) 

Ittvers  shown,  operate  upon  the  pistons  in  the  small 
cylinders. 

A  patent  was  obtained  in  1824,  by  Mr.  George  Yaughan, 
of  Sheffield,  for  a  very  curious  application  of  the  old  open- 
tupped  or  atmospheric  steam  engine,  which  we  here  give, 
not  trom  any  faith  in  the  alleged  advantages  derivable  from 
its  use,  but  from  the  novelty  of  its  appearance. 

"  Fig.  2.  represents  a  section  of  (he  cylinder,  aaaa'a 
a  cast-iron  cylinder,  open  at  both  ends,  and  bored  true  ;  b 
a  partition  in  the  middle  of  the  cylinder,  a,  which  may  be 
easily  cast  in,  or  bolted  in  afterwards  ;  cccc  is  a  casing  cast 
round  the  cylinder  a,  with  a  flange  at  the  top  and  at  the 
bottom,  and  another  a  litlle  below  the  middle,  to  fix  the 
cylinder  in  its  place,  which  casing  is  for  the  pnrposa  of 

11.  2  k 
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(  Vaughan's  Engijw.    1824.) 

heating  the  cylinder,  and  keeping  it  hot  in  the  usual  war : 
two  side  rods,  dddd,  work  through  two  copper  or  othM 
metal  pipes  fixed  between  the  casing  and  the  cylinder. 
which  pipes  are  rivetted  to  the  top  and  bottom  Rangf.  of 
the  cylinder ;  e  e  are  two  cross  bars  connected  to  the  side 
rod  at  both  ends,  and  also  to  the  top  and  bottom  rods  of 
the  pistons.  The  upper  pbton  is  represented  as  nearly  at 
the  top  of  the  cylinder.  The  piston  rod  isconnected  to  the 
cross  bar  by  a  socket  in  such  bar,  which  bar  is  suspended  in 
the  links  of  the  parallel  motion,  g  g  are  the  two  pistons 
and  rods  above  alluded  to,  which,  when  connected  with 
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tbe  cross  bars,  €6,  move  together,  producing  what  I  call 
one  stroke  with  two  pistons.  A  is  a  cock  and  funnel  for 
conveying  grease  through  the  casing  and  the  cylinder  to 
tlie  bottom  piston  close  to  the  partition  6.  t  is  a  cock  at 
the  bottom  of  the  casing,  to  let  out  in  the  usual  manner  the 
condensed  steam  from  between  the  casing  and  cylinder,  k 
is  the  ?ock  and  pipe  to  convey  steam  from  the  steam  pipe 
into  the  casing  of  the  cylinder ;  /  /  represent  two  passages 
which  are  cast  in  a  branch  proceeding  from  the  cylinder 
and  casing,  the  one  passage  communicating  above  the  par- 
tition 6,  and  the  other  below,  to  convey  steam  in  and  out 
from  under  the  top  and  above  the  bottom  piston,  m  is  a 
passage  to  convey  steam  from  under  the  slide  valve  into 
the  condenser,  which  is  cast  in  the  same  branch  in  the 
usual  way.  n  is  the  slide  valve  inclosed  in  the  steam  box, 
having  the  steam  pipe o  connected  with  such  box.  The  slide 
or  other  valve  may  be  moved  in  any  of  the  known  methods 
employed  for  that  purpose." 

The  steam  being  admitted,  through  the  upper  passage  /, 
into  the  upper  chamber  of  the  cylinder,  its  piston  is  thereby 
thrown  up,  and  the  vacuum  being  immediately  formed  in 
the  usual  way,  the  pressure  of  the  atmosphere  of  course 
operates  instantly  to  thrust  it  down  again,  whilst  at  the 
same  moment  a  corresponding  effect  is  being  produced  upon 
the  piston  in  the  lower  chamber,  by  the  steam  rushing  into 
it  through  the  lower  passage  /,  thus  co-operating  with  the 
atmospheric  pressure  from  above,  in  producing  what  the 
patentee  calls  *'one  stroke  with  two  pistons."  A  vacuum 
being  next  formed  in  the  lower  chamber,  the  atmospheric 
pressure  acts  upon  the  lower  piston,  while  the  steam, 
again  admitted  through  the  upper  passage  /,  assists  in  like 
manner  in  throwing  up  both  pistons  as  before,  and  thus  by 
alternately  allowing  the  steam  to  rush  through  the  two 
passages  //  into  the  upper  and  lower  chambers,  a  constant 
uniform  motion  is  produced  and  kept  up. 

The  advantages  stated  to  be  derived  from  this  engine   • 
are'  that  by  the  united  application  of  the  force  of  steam 
from  the  boiler  on  one  piston,  and  the  pressure  of  the 
atmosphere  on  another,  a  greater  power  is  obtained,  than 
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can  be  by  the  Bolton  and  Watt  engine,  where  the  air  i 
excluded.  The  error  of  the  patentee  seems  to  have  ansa 
from  his  not  being  conscious  that  steam  acting  in  a  boiler,al 
the  pressure  of  41bs.  on  the  inch,  would,  in  a  vacuum,  exert 
a  force  equal  to  41bs.  +  the  pressure  of  the  atmosphere,  or 
4+  I4i  s=  18^,  When  therefore  we  unite,  as  in  thepie9eoi 
instance,  the  pressure  of  the  atmosphere  to  that  of  tke 
steam,  we  obtain  only  4  +  14i  »s  |8^^  being  the  same  re- 
sult in  both  instances.  This  complicated  machinery  there- 
fore answers  no  other  end  than  that  of  increasing  the  fric- 
tion, and  adding  to  the  expense. 

Mr.  J.  C.  C.  Raddatz  obtained  a  patent  in  1825,  foru 
invention  of  Dr.  Ernst  Alban,  a  physician  of  Rostock,  ii 
the  grand  duchy  of  Mecklenburgh.  This  latter  geDtlemaJi 
came  to  England,  for  the  purpose  of  introducing  hisioTeD- 
tion^  which  consists,  like  Perkinses,  of  an  attempt  to  reduce 
the  consumption  of  fuel,  by  increasing  the  pressure  of  the 
steam ;  but  Dr.  Alban's  apparatus  is  much  more  novelaad 
ingenious. 

The  vessels  wherein  the  steam  is  immediately  generated, 
are  of  a  very  narrow  compass,  and  made  of  tough  metali, 
on  which  account  they  are  very  durable,  although  not 
constructed  of  any  great  thickness.  They  consist  of  tuba 
of  small  diameter,  which  are  calculated  to  sustain  a  pres* 
sure  of  4  to  GOOOIbs^  to  the  square  inch,  thus  removing  all 
chaqce  or  possibility  of  their  bursting  ;  an  event,  wbicb, 
even  if  it  could  happen,  this  construction  would  render 
perfectly  harmless.  These  generating  vessels  have  onh 
about  one  foot  of  steam  producing  surface  to  the  hone 
power,  and  in  order  that  the  generation  of  steam  maybe 
increased  to  such  a  degree  that  the  intended  effect  can  be 
produced,  and  in  order  at  the  same  time  to  withdraw  tbem 
from  the  destroying  influence  of  the  fire,  they  are  placed 
within  a  medium,  consisting  of  an  easily  fusibly  metal, or 
metallic  mixture,  such  as  tin  and  lead,  which  is  introduced 
into  a  tank  or  vessel  of  cast  iron,  and  exposed  therein  to 
the  action  of  the  fire.  In  these  latter,  which  Dr.  Alb^fl 
calls  his  metal  vessels^  he  exposes  a  very  extended  surface 
to  the  action  of  the  fire,  without  infringing  on  space^^'' 


alban's  steam  apparatus.  ^58 

requiring  any  great  quantity  of  the  fusible  metals  or 
filling  them,  as  may  be  easily  seen  by  reference  to  the  form 
of  the  metal  vessel,  fig.  2.  By  this  means  caloric  is  con* 
ducted  in  large  portions  to  the  medium,  which  being  a 
jl^ood  conductor  of  heat  rapidly  imbibes  it,  and  forms,  as 
it  were,  around  the  generator,  a  store  of  caloric,  which  it 
gives  out  so  equably  and  rapidly,  that  the  tubes,  with  but 
a  small  generating  surface,  collect  and  give  out  to  the 
water  which  is  to  be  converted  into  steam,  asmuch  caloric 
as  if  that  surface  had  been  ten  times  the  size  upon  the 
ordinary  construction.  Both  the  metal  vessels  and  th^ 
generator  present  an  inconsiderable  surface  to  the  atmos* 
phere,  and  in  this  manner  the  inventor  has  sought  to  pre« 
vent  any  condensation  in  the  generator  of  the  steam  already 
generated,  as  well  as  to  prevent,  generally,  any  disadvan- 
tage resulting  from  the  radiation  of  caloric. 

The  water  is  conveyed  into  Dr.  Alban's  generator, 
only  in  the  quantity  required  to  produce  a  given  and 
continuing  effect.  For  this  purpose  the  forcing  pump, 
by  means  of  which  the  injections  are  supplied,  is  made  to 
regulate  itself  in  such  a  manner  that  it  either  moderates 
or  entirely  suspends  the  injection  of  water,  according  to 
the  state  of  pressure  in  the  generator.  The  steam  gene- 
ration is  thus  entirely  independent  of  the  management  ot 
the  fire  by  the  stoker,  and  is  at  all  times  subservient  to  the 
wants  of  the  engine  to  which  this  apparatus  may  be  ap- 
plied. All  possible  danger  would  likewise  be  removed 
by  this  means,  even  in  the  absence  of  any  safety  valve. 
When  it  is  required  to  stop  the  engine,  it  is  only  necessary 
to  put  the  forcing  pump  out  of  action,  and  the  generation 
of  steam  ceases  of  necessitv. 

In  order  to  prevent  the  metallic  fusion  from  being  over- 
heated, in  cases  where  a  smaller  supply  of  steam  is  required, 
or  where  a  suspension  of  steam  generation  takes  place,  by 
the  stoppage  of  the  engine,  or  otherwise,  the  inventor  has 
arranged  a  heat  regulator,  which  regulates  the  intensity 
of  the  fire.  This  apparatus  indicates  the  degree  of  tem- 
perature of  the  fusion,  upon  which  solely  its  action 
depends,  and  the  generation  of  steam  in  the  generator  has 
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no  influence  whatever  upon  it;  the  regulator  continaiog 
to  act  when  the  generation  of  steam  has  ceased^  on  whicl 
account  it  is  essentially  different  from  any  heat  regulator 
hitherto  used.  Its  application  is  indispensable  to  this  ap- 
paratuiv  in  order  to  prevent  so  great  a  heating  of  the 
generating  tubes  as  might  occasion  a  decompositioo  of 
the  water  injected  therein. 

The  very  great  saving  of  fuel  anticipated  from  this  is- 
vention  is  attempted  to  be  accounted  for,  partly  in  conse- 
quence of  the  steam  being  produced  at  so  very  high  a 
pressure,  and  partly  by  the  circumstance,  that  the  metallic 
medium,  when  in  a  state  of  fusion,  is  one  of  the  best  con- 
ductors of  heat  in  nature,  receiving  and  collectings  the  heat 
within  itself  very  quickly,  and  without  loss,  and  thereafter 
giving  it  out  in  a  concentrated  form  to  the  generator. 
Owing  to  the  constant  motion  kept  up  among  the  hotter 
and  colder  parts  of  the  metallic  fusion,  as  in  the  case  of 
heated  water,  the  more  heated  portion  having  a  teodeocf 
to  ascend,  while  the  cooler  part  descends,  the  caloric  is 
distributed  very  quickly  and  equably  through  the  whole 
body.  All  congealment  of  the  metallic  medium  is  avoided, 
by  using  such  an  admixture  of  metals,  as  will  fuse  at  a 
temperature  lower  than  that  which  the  steam  receives 
*within  the  generator.  In  ordinary  boilers,  the  heat  of  the 
fire  acts  upon  a  bad  conductor  of  heat,  water,  and  upon  a 
proportionable  large  body  thereof;  the  parting  vrith  its 
heat  cannot,  therefore,  be  free  or  quick,  and  in  order  to 
produce  any  powerful  effects,  it  is  necessary  to  expose  a 
very  large  surface  of  the  boiler  to  the  action  of  the  fire. 

For  the  reasons  stated,  it  is,  however,  quite  otherwise 
with  this  new  apparatus  for  generating  steam,  and  the  sur- 
face exposed  to  the  action  of  the  fire  is  therefore  conside- 
rably less,  in  proportion  to  the  generation,  than  in  ordinary 
boilers.  The  rapid  generation  of  steam  by  this  method, 
is  likewise  much  favoured  by  the  circumstance,  that  water 
is  injected  in  small  quantities  only,  and  is  distributed  on 
all  the  sides  of  the  generator. 

Figures  1,2,  and  3,  are  representations  of  the  generating 
apparatus,  con  tructed  in  London,  under  the  superinteD- 
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(Dr.  Alban's  Steam  Apparatus.  1835.) 
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dance  of  the  inventor.  It  has  a  double  metal  vessel,  ni 
two  generators ;  fig.  1,  is  a  longitudinal  section  thereof; 
a  a  a,  is  the  cast-iron  metal  vessel,  bbb,  the  metallic  mii- 
ture.  Supported  upon  the  lid  or  cover  of  the  metal 
vessel,  is  the  strong  top  of  the  generator  cCf  containing  a 
cylindrical  chamber  of  two  inches  diameter  ;  ddddj  aretk 
wrought-iron  generating  tubes,  suspended  in  the  metallic 
fusion ;  they  are  of  1^  inch  bore,  and  are  screwed  into  ike 
top  c  c,  so  that  they  may  be  taken  out  whenever  they  re- 
quire cleaning,  e,  is  the  injection  pipe,  made  of  copper, 
through  which  the  water  is  conducted  into  the  generatiii; 
tubes,  over  each  of  which  a  small  hole  is  perforated.  / 
is  the  steam  pipe,  connected  with  the  engine  and  the  safet; 
valve. 

Fig.  2.  is  a  transverse  section  of  the  double  metal  vessel; 
it  is  freely  suspended  in  the  furnace,  and  exposed,  on  all 
its  four  sides  and  its  ends,  to  the  action  of  the  fire,  so  that 
although  it  is  but  4  feet  long,  Si  feet  high,  and,  ioclad/flg 
the  space  between  each  vessel,  takes  up  only  9  inches  iq 
width,  it  exposes  to  the  fire  a  surface  of  sixty  square  feet. 
aUy  is  the  double  metal  vessel ;  66,  the  two  generators; 
cCj  the  two  injection  tubes,  which  are  joined  together  ex- 
ternally, and  communicate  in  one  pipe  to  the  forcing  puffif 
This  pump  is  of  the  usual  construction,  furnished  witba 
lever  and  weight,  which  are  raised  by  the  engine,  throo);li 
any  of  the  known  means.  If  the  production  of  steam  io 
the  generator  be  too  great  for  the  wants  of  the  engine,  tk 
pressure  in  the  steam  chamber  will  act  against  the  ioj^* 
tion,  and  the  weight  will  be  insufficient  to  force  donn  tbe 
piston  of  the  pump,  which  will  thus  remain  inactive,  until 
the  pressure  is  diminished,  by  the  ceasing  of  productioD; 
and  the  expenditure  of  the  engine. 

The  heat  regulator  consists  of  two  pipes  filled  with  9t' 
mospheric  air,  one  of  each  being  inserted  into  each  metal 
vessel,  fig.  1.  g^  and  surrounded  by  the  metallic  mediDio; 
to  both  pipes,  very  narrow  tubes  are  fixed,  fig.  I,  A,  and 
fig.  S,  t,  which  are  joined  together  externally  into  onetabe^ 
which*  opens  inside  the  mercurial  cistern,  fig.  S,  a;  witl^*" 
the  mercury  therein  contained,  is  immersed  a  yertic^ 


BROWN^S  GAS  ENGINE.  257 

lube  by  with  a  float  c  swimming  on  the  top  of  the  mercan  • 
This  float  is  connected,  by  means  of  the  rod  dy  with  the 
lever  e,  and  acts  by  the  rod/,  upon  the  damper  g^  which 
regulates  the  draught  of  the  fire  in  the  ash-hole.  When 
the  air  in  the  pipes  fig.  1,  gg^  becomes  heated  by  the  fu- 
sion, it  expands  progressively  as  this  becomes  hotter; 
presses  on  the  mercury  in  a,  fig.  3,  and  causes  it  to  ascend 
in  the  tube  6.  By  the  rising  of  the  mercury,  the  float  c  is 
made  to  ascend  likewise,  and  acts  by  the  rod  d  on  the 
lever  «,  and  thereby  on  the  damper  9,  so  that  should  the 
temperature  of  the  fusion  be  greater  than  is  required,  it 
gradually  closes  the  air  hole  A/,  the  supply  of  air  to  the 
fire  is  thus  prevented,  and  the  heat  is  consequently  di- 
minished. 

Of  all  the  inventions  which  have  lately  excited  the  public 
attention,  perhaps  no  one  has  been  more  the  subject  of  discus- 
sion, than  the  apparatus  patented  in  1823,  and  again  (for 
improvements)  in  1825,  by  Mr.  Samuel  Brown,  of  London, 
and  called  a  gai  vacuum  engine.  This  engine  is  intended 
as  a  substitute  for  the  steam  engine,  and  is  actuated  by  the 
inflammation  of  hydrogen  gas,  in  a  vessel  containing  a 
portion  of  atmospheric  air,  sufficient  for  the  combustion  of 
the  hydrogen.  The  oxygen  of  the  air,  then  combining 
with  the  hydrogen,  together  form  water,  which  of  coui-se 
occupying  a  less  space  than  these  in  their  original  form, 
leave  in  the  vessel  a  partial  vacuum,  the  nitrogen  of  the 
air,  and  the  impurities  of  that  and  the  hydrogen  gas  only 
remaining.  This  vessel  is  made  to  communicate  with  the 
working  cylinder,  and  the  pressure  of  the  atmosphere  then 
acting  on  the  piston,  puts  it  in  motion,  which  motion  is 
continued  until  the  equilibrium  be  restored,  between  the 
interior  of  the  'aforesaid  vessel  and  the  external  atmo- 
sphere. But  by  using  two  of  such  vessels,  and  repeating 
the  process  of  inflammation  alternately  on  each,  so  that  one 
of  them  may  be  giving  motion  to  the  piston,  whilst  the 
other  is  having  its  vacuum  restored,  the  working  part  of 
the  engine  may  be  constantly  kept  up. 

The  principle  of  forming  a  vacuum  by  these  means,  has 
been  long  familiar  to  every  one;  the  following  simple  expe- 
riment being  one  which,  we  doubt  not,  each  of  our  readers 
IS.  2l 
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will  remember  to  have  heard  of,  whea  a  child.  Tske 
a  wine,  or  any  other  glass,  small  enough  to  be  covered  w 
the  top  by  the  palm  of  the  hand,  and  having  placed  a  nail 
piece  of  lighted  paper  on  the  middle  of  the  palm^  (taking 
care  to  protect  the  hand  from  being  burnt,)  then  coverio; 
the  burning  paper  with  the  mouth  of  the  glass,  by  presaig 
the  latter  against  the  hand,  a  partial  vacuara  is  iostaDtlj 
formed,^(by  the  combustion  of  the  oxygen  of  the  air  iotk 
glass,)  sufficient  not  only  to  prevent  the  glass  from  fiiilii^) 
when  the  palm  of  the  hand  is  turned  downwards,  but  sock 
as  to  require  sosie  little  force  to  remove  it  from  its  bold. 
If  this  experiment  be  dexterously  performed,  it  wiU  pe^ 
haps  give  some  pain  to  a  delicate  hand,  from  the  gnsii 
force  with  which  the  pressure  of  the  atmosphere  prcsBS 
the  iBesh  into  the  glass* 

Mr,  Brown's  engine  is  a  modificati<m  of  this  principk. 
and  will,  we  doubt  not,  be  fully  understood  by  the  folio*' 
ing  description  :• — 

Inflammable  gas  is  introduced  along  a  pipe  into  ai  opa 
cylinder  or  vessel,  whilst  a  flame  placed  on  the  aatsideot 
but  near  to,  the  cylinder,  is  constantly  kept  burning,  andat 
times  comes  in  contact  with  and  ignites  the  gas  thereia; 
the  cylinder  is  then  closed  air«tight,  and  the  flame  is  pic* 
vented  from  communicating  with  the  gas  in  the  ^linden 
The  gas  continues  to  flow  into  the  cylinder  for  a  short 
space  of  time,  then  it  is  stopped  ofi^;  during  that  tine,'^ 
acts  fry  its  comlnutian  upon  the  air  within  the  cylinder,  aod 
at  the  same  time  a  part  of  the  rarified  air  escapes  tbroufi 
one  or  more  valves, — and  thus  a  vacuum  is  effi^tedL  The 
vessel,  or  cylinder,  ia  kept  cool  by  water.  Several  mecka* 
nical  means  may  be  contrived,  to  bring  the  above  combi- 
nation into  use,  in  effecting  the  vacuum  with  inflammabk 
§;as,  and  on  the  same  principle  it  may  be  done  in  one,  two, 
or  ttiore  cylinders  or  vessels.  Having  a  vacuum  efected 
by  the  above  combination,  and  some  mechanical  cod* 
trivance,  powers  are  produced  by  its  application  to  nad^*' 
nery  in  several  ways.  First,  water-wheels  may  be  turned: 
secondly,  water  may  be  raised ;  and,  thirdly,  pistons  ^^) 
be  worked^ 

The  following  is  the  description  of  an  engine applie<l  ^^ 


BKOWM's  gas  BNGIN K.  SSO 

a  water- wheel. — The  two  cylinders  c  and  d  are  the  veaseltt 
in  which  the  vacuum  is  to  be  effected  ;  from  these  descend 
the  pipes  919  and  AJ  A  let^ding  into  the  lower  cylinders 
X  ar,  from  which  the  water  rises  along  those  pipes  to  fill 
the  vacuum  cylinders  alternately.  The  water  thus  sup- 
plied, is  discharged  through  the  pipes  B  into  the  tank  or 
trough  Zy  whence  it  falls  upon  the  overshot  water-wheel, 
and  by  the  rotatory  motion  thus  produced,  gives  power  to 
such  machinery  as  may  be  connected  to  it.  The  water 
runs  from  the  wheel,  along  a  ease  surrounding  the  lower 
half,  into  a  reservoir  t;,  from  which  the  lower  cylinders  xx 
are  alternately  supplied. 

In  order  to  produce  the  vacuum,  the  necessary  quantity 
of  gas  is  supplied  to  the  cylinders  by  means  of  the  pipe 
kkkj  to  be  conveniently  attached  to  a  gasometer.  The  gas 
also  passes  along  the  small  pipe  //,  (communicating  like* 
wise  with  the  gasometer,)  and  being  lighted  at  both  ends 
of  that  pipe^  is  constantly  borning  for  the  purpose  of 
igniting  the  gas  within  the  cylinders. 

The  water  in  the  reservoir  v  passing  down  one  of  the 
pipes  w  into  one  of  the  lower  cylinders  jc,  causes  the  float  y 
in  that  cylinder  to  rise,  aad  pashtng  up  the  rod  o,  raises  the 
end  b  of  the  beam,  which  of  course  draws  up  with  it  the 
cap/,  and  forces  down  the  cap  e  of  the  other  cylinder  c. 

The  gas  being  admitted  along  the  pipe  it,  the  flame  from 
the  pipe  /  is  now  freely  communicated  to  the  gas  in  the 
cylinder  through  the  orifice,  by  the  opening  of  the  sliding 
valve  Sj  which  is  raised  by  the  arm  r,  lifted  by  the  rod  o, 
by  means  of  the  beam. 

To  produce  the  intermitting  action  of  each  cylinder, 
some  subordinate  machinery  is  put  in  operation,  by  chains 
and  rods  attached  to  a  glass  or  iron  vessel  p,  partly  filled 
with  mercury,  and,  turning  upon  a  pivot,  each  end  re- 
ceives its  movements  of  elevation  and  depression,  from  the 
rise  and  fall  of  the  projecting  arms  9,  by  the  action  of  the 
beam  above;  the  mercury  being  furnished  for  the  purpose 
of  regulating  the  supply  of  the  gas  into  the  cylinders,  and 
the  movement  of  the  slide  in  the  trough  v.  By  the  action 
thus  communicated)  the  water  from  the '  reservoir  flows 
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down  tbe  pipe  w  into  the  vessel  Xy  and  produces  the  ele- 
i^atiou  of  the  float  y  and  the  rod  ft,  and  raises  the  cap  e  by 
the  ascent  of  the  beam  at  a. 

The  motion  thus  caused  in  this  part  of  the  macjiinery, 
operating  upon  its  duplicate  parts  on  the  other  side,  of 
course  produces  by  its  action  a  corresponding  movement ; 
and  the  slider  in  the  trough  v^  moved  by  the  action  of  the 
mercurial  tube  jp,  being  removed  from  its  position,  allows 
the  water  to  fall  into  the  other  pipe  Wy  and  as  it  ascends, 
suffers  the  float  y  to  descend,  and  rising  into  the  main 
cylinder,  thus  lifts  again  the  beam  at  6,  and  its  connexions, 
and  forces  down  the  cap  e  on  the  top  of  the  other  cylinder. 

After  the  vacuum  is  effected  in  the  cylinders,  the  air 
must  be  admitted,  to  allow  the  water  to  be  discharged  and 
the  caps  to  be  raised:  this  is  accomplished  by  means  of  a 
sliding  valve  in  the  air  pipe  m  m,  acted  upon  by  chains  t  ty 
attached  to  the  floats  in  the  reservoir ;  and  as  motion  is 
given  to  them,  the  valve  is  made  to  slide  backwards  and 
forwards,  so  as  to  allow  of  the  free  admission  of  atmo- 
spheric air. 

Chains  uuy  with  suspended  weights,  open  the  cocks  in  the 
pipe  it  i,  and  produce  the  alternate  flow  of  the  gas,  and 
regulate  and  modify  its  supply. 

In  the  pipes  919  andAjA  are  clacks  to  prevent  the 
return  of  the  water,  when  the  air  is  admitted  into  the 
cylinders.* 

When  pistons  are  worked,  the  vacuum  is  effected  (in  the 
manner  above  described)  under  the  piston,  which  is  then 
pressed  down  by  the  weight  of  the  atmosphere,  and  as  an 
engine  of  that  description  is  worked  with  two  cylinders  and 
pistons,  the  vacuum  being  produced  in  each  cylinder,  alter- 
nately, the  fall  of  one  piston  raises  the  other,  and,  being  al- 
ternately pressed  down,  the  piston  rods  give  motion  to  the 
crank  and  fly  wheel.  The  air  is  admitted  through  large 
valves  in  the  piston,  and  through  orifices  in  (he  cylinders. 
An  engine  may  be  worked  with  one  piston,  the  vacuum 
being  produced  in  two  cylinders  (as  in  the  water  engine), 
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from  which  a  pipe  cofnmunicates  with  a  third  cylinder,  in 
which  the  piston  works,  and  into  which  the  air  is  admitted 
alternately  under  and  over  the  piston,  while  the  vacuum 
extends  to  its  opposite  aides.  By  this  contrivance  a  mnch 
greater  rapidity  of  motion  may  be  given  to  the  piston,  if 
required. 

The  ways  i»eing  therafcre  explained,  in  which,  by  the 
pressure  of  the  air,  the  vacuum  produced  (and  continiied) 
is  applied  to  useful  purposes,  Mr.  Brown  claims  to  be  the 
inventor  of  the  combination  above  described  for  effecting 
a  vacuum,  Itowiver  much  it  may  be  varied  by  the  mecham* 
cal  means  ^  ith  which  it  may  be  used,  and  also  the  inven- 
tor of  applying  <a  vacuum  produced  by  the  oombustion  of 
inflammable  gas,  to  raising  water,  and  to  the  production  of 
motion  in  machinery  by  the  pressure  of  the  atmosphere. 

The  different  scientific  journals  were  much  divided,  as 
to  the  result  of  Mr.  Browne's  (experinsents :  not  th&t  any 
one  questioned  the  eflKectire  operation  of  an  engine  on  this 
principle,  such  having  been  clearly  established  by  actual 
construction,  soon  after  the  publication  of  the  scheme; 
the  question  simply  being,  whether  the  apparatus  could 
be  purchased  and  maintain^,  at  a  less  or  at  a  greater  cost, 
than  the  steam  on  the  most  approved  construction.  It 
Would  be  needless  to  repeat  the  various  inquiries  on  thib 
•object,  nearly  all  of  them  having  been  merely  theoretical, 
and  some  of  them  written  by  persons  unable  to  calculate 
from  all  the  facts  of  the  case.  We  have  before  us  the  re- 
port of  a  committee,  appointed  by  the  shareholders  of  a 
company  called  the  ^^  Canal  Gas  Engine  Company,''  formed 
expressly  for  the  purpose  of  trying  on  a  large  scale,  and  if 
practicable,  of  bringing  into  general  use,  Mr.  Brown's  en- 
gine. Mr.  Routh,  a  director,  stated,  that  ^^  They  had  been 
appointed  to  ascertain  the  practicability  of  Mr.  Brown's 
engine,  for  the  application  of  gas  instead  of  steam,  to  the 
propulsion  of  vessels  either  on  canals  or  navigable  rivers. 
Two  experiments  had  been  made;  the  one  on  the  ist  of 
January,  and  the  other  on  the  previous  day,  under  the  in- 
spection of  the  committee.  The  gentlemen  who  were 
entrusted  to  examine  and  report  to  th^  shareholders,  dif* 
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fcred  greatly  in  tbeir  opinions  derived  from  those  experi* 
bumUb  ;  but  they  were  now  ready  to  state  their  individual 
ntpiiiions  on  the  subject,  which  was  certainly  one  of  great 
wklional  importance.     The  day  on  which  the  first  experi- 
ment was  made,  beingextremely  boisterous,  was  particularly 
unfavourable  to  the  performance  of  the  experiment,  inas« 
much  as  the  boat  itself  was  leaky,  and  the  machinery  defec- 
tive.    The  boat  then  made  way,  but  not  in  such  a  manner, 
as.  to  give  a  highly  advantageous  opinion  of  the  powers  ol 
the  engine.     In  the  second  experiment,  however,  it  was  in 
a  more  perfect  state.     The  boat,  which  was  started  from 
Blackfriars  Bridge,  went  at  the  rate  of  from  seven  to 
eight  miles  per  hour,  with  all  the  regularity  of  steam 
boats ;  the  paddles  moved  as  regularly  ;  and  it  appeared 
th^  power  of  the  engine  might  be  sustained  for  any  length 
q£  time  by  gas,  as  well  aa  by  steam.     It  was  the  opinion  oH 
IDC^t  persons  present,  that  the  engine  answered  every  pur« 
pose  expected  qf  it ;   and  he  owned  that,  as  far  as  powet! 
went,  it  was  his  own  opinion;    but  he  considered  that  ihm 
^xpe.nBe  of  procuring  gas  would  entirely  prevent  its  ap|Ui- 
«4^Uoq  as  a  prime  mover,  instead  of  steam. — It  was  said 
il^jt  gas  could  be  readily  and  cheaply  procured  by  the  de« 
cpr^ppsition  of  water.    We  understood  the  chairman  tp 
express  himself  of  opinion,  that  this  proposition  had  npc 
been  yet  made  out.    He  was  decidedly  of  opinion  that  the 
company  ought  to  be  dissolved.    In  fact,  it  was  impossible 
that  it  could  go  on.     The  sum  of  rather  more  than  £5000 
had    been  subscribed.      £1000  had  been   given  to  Mr. 
9rpwa,  for  the  share  of  his  patent  right  in  the  invention  ; 
£10Q0  more  had  been  paid  for  constructing  an  engine, 
under   his    superintendance,   fo;^   the  application  pf  hjs 
principle,  which  had   failed..      £1700  was  locked  up    in 
thp  hands  of  their  bankers,  Sir  John  Perring  and  Co. ; 
tkm  £300  was  paid  for  a  l^oat^  and  the  remaining  avail- 
able funds  were  otherwise  absorbedv  The  company  could, 
npt;^  therefore,  proceed  without  ^npth^r  call,  which  could 
not  of  course  be  made,  or,  if  KuadQ,.9tt(Bnded  to." 

On  the  other  hand,  it  was  stated  by  Mr.  Brown,^  **  that 
the  experiment  had  succeeded  to  th.e  full  extent  contem- 
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plated  by  himself  and  friends.  On  the  first  time  of  the 
experiment,  the  engine  itself  was  not  got  into  any  state  of 
completeness,  until  the  midnight  preceding  the  morning 
of  trial,  and  the  boat  was  accidentally  run  on  shore,  and 
stove  in  her  side.  They  had  to  make  the  experiment  on  a 
boisterous  day,  and  before  this  accident  was  repaired,  the 
paddle-wheel  was  found  to  be  too  small,  and  deficient  in 
power.  A  second  experiment  was  made  on  the  river,  be- 
fore the  Lords  of  the  Admiralty  and  a  number  of  scientific 
men,  and  the  result  was  such  as  to  confirm  their  minds  in 
favour  of  its  eligibility.  He  would  state  further,  that  it 
would,  without  doubt,  be  adopted.''*  He  did  not,  how- 
ever, shew  by  figures,  or  any  other  calculation,  that  gas 
could  be  obtained  at  such  a  cost,  as  to  allow  a  fair  com*- 
petition  with  the  steam  engine;  and  we  are  therefore  in- 
clined to  give  full  credit  to  the  statements  of  the  chairman 
and  directors,  namely,  ^^that  the  expense  of  procuring  goM 
would  entirely  supersede  its  application  as  a  prime  mover j 
Instead  ofsteamJ*^ 

Previously  to  the  year  1823,  carbonic  acid  had  never  been 
exhibited  but  in  the  gaseous  or  aeriform  state,  and  it  was 
a  commonly  received  opinion,  that  no  degree  of  pressure 
nor  of  cold  would  cause  it  to  assume  a  more  concentrated 
form ;  in  the  early  part  of  that  year,  however,  Mr.  Faraday 
of  the  Royal  Society,  under  the  direction  of  its  then  illus- 
trious president.  Sir  H.  Davy,  succeeded  in  reducing  it  (as 
well  as  several  other  gases)  into  a  liquid  state,  by  the 
mechanical  pressure  of  a  condensing  pump. 

This  liquid,  at  the  temperature  of  freezing  water,  in 
its  endeavour  to  assume  the  aeriform  state,  exerts  an  ex- 
pansive force  equal  to  80  atmospheres ;  at  ordiuary  tempe- 
ratures, a  force  of  from  40  to  50  atmospheres  ;  and  on  a  heat 
of  only  120'  Fah.  being  applied,  the  force  is  increased  to 
90  atmospheres ;  the  pressure  increasing  in  a  similar  ratio 
for  higher  degrees  of  heat ;  in  other  words,  at  the  rate  of 
about  11  or  12  pounds  increased  pressure  upon  the  inch^ 
for  every  single  additional  degree  of  heat. 

•  Public  Ledger. 
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We  may  easily  conceive  that  to  construct  an  apparatus  by 
which  a  power  so  immense,  and  apparently  so  economical, 
might  be  rendered  available,  like  the  steam  engine,  as  a  first 
mover  to   all  kinds  of  machinery,  has  occupied  the  at- 
tention and  study  of  many  of  the  most  scientific  and  clever 
men,  not  only  of  (his,  but'^  of  every  country  in  the  civilised 
world  ;  since  it  cannot  be  doubted  that  the  paper  of  Sir  H. 
Davy,  "on  the  application  of  liquids  formed  by  the  con* 
densation  of  gases  as  mechanical  agents,'^  has  been  pub- 
lished every  where,  and  translated  into  the  language  of 
every  country  where  mechanics  are  studied  as  a  science. 
Nearly  four  years  have  intervened  since  the  publication  of 
the  important  facts   detailed   in    the   paper   alluded   to, 
during  which  period,  not  only  individual   talent,  but  the 
abilities  of  one  of  our  first  chemists  have  been  united  with 
those  of  one  of  our  most  eminent  engineers,  for  the  accom- 
plishment of  this  great  desideratum.     In  this  honourable 
spirit  of  rivalry,  the  talents  of  Mr.  M.  I.  Brunei  have  been 
employed,  and  he  has  so  far  satisfied  himself  of  the  advan- 
tages arising  from  such  an  apparatus,  as  to  have  procured 
a  patent  for  an  engine  on  this  principle. 

It  is  proper  that  we  should  here  remark,  that  the  patent 
right  for  Mr.  Brunei's  apparatus  is  not  limited  to  the  em- 
ployment of  carbonic  acid,  hut  that  it  extends  to  all  liquids 
which  are  the  result  of  the  condensation  of  the  gases.  The 
preference  being  however  given  to  the  former,  we  may 
perhaps  infer  that  the  engine  we  have  to  describe,  is  bet- 
ter adapted  to  the  peculiar  properties  of  carbonic  acid  gas, 
than  to  those  of  the  others.  Carbonic  acid  gas  may  be  oIh 
tained  by 'decomposing  any  of  the  carbonates  by  the  action 
of  the  common  acids.  The  mode  of  obtaining  the  liquid 
from  the  gas,  is  by  forming  the  gas  under  a  gasometer, 
and  condensing  it  afterwards  in  another  vessel,  by  means 
of  a  condensing  pump,  and  continuing  the  operation  until 
it  passes  to  the  liquid  state. 

The  apparatus,  as  shewn  at   fig.  2,  consists  of  five  dis- 
tinct cylindrical  vessels;  the  two  exterior  vessels  a  and  6 
contain  the  carbonic  acid  reduced  to  the  liquid  form,  and 
are  called  the  receivers;  from  these  it  passes  into  the  two 
12.  2  M 
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adjoining:  vessels  c  and  d,  termed  expansion  vessels;  these 
last,  having  tubes  of  communication  with  the  working 
cylinder  e,  the  piston  therein  (shewn  by  dots)  is  operated 
upon  by  the  alternate  expansion  and  condensation  of  the 
gas,  giving  motion  to  the  rod/*,  and  consequently  to  what- 
ever machinery"  may  be  attached  thereto. 

As  the  working  cylinder  e  is  of  the  usual  construction, 
no  further  description  of  that  part  of  the  apparatus  is  ne- 
cessary; and  as  the  two  vessels  on  one  side  of  the  cylinder 
are  precisely  similar  to  those  on  the  other,  a  description 
of  the  receiver  a,  and  the  expansion  vessel  c,  will  apply  to 
their  counterparts  6  and  d;  the  two  former,  (a  and  c)  are 
therefore  given  in  a  separate  figure,  (I)  on  a  larger  scale, 
in  section,  that  their  construction  may  be  seen,  and  their 
operatioti  better  understood.  The  same  letters  of  reference 
designate  the  like  parts  in  both  figures. 

The  communication  of  the  condensing  pump  (before 
mentioned)  with  the  receiver  a,  is  through  the  orifice  9, 
which  can  be  stopped  at  pleasure  by  the  plug  or  stop-cock 
A.  When  the  receiver  has  been  charged  with  the  liquid 
and  closed,  a  pipe  t  is  applied,  and  connected  to  the  ex- 
pansion vessel  c,  at  k.  II  is  a  lining  of  wood  (mahogany) 
or  other  non-conductor  of  heat,  to  prevent  the  absorption 
which  would  otherwise  be  occasioned,  by  the  thick  sub- 
stance of  the  metal.  The  expansion  vessel  is  connected, 
through  a  pipe  th,  to  the  working  cylinder  «;  tliese  vessels 
contain  oil,  or  any  other  suitable  fluid,  shewn  at  n,  as  a 
medium  between  the  gas  and  the  piston. 

The  receiver  is  a  strong  gun-metal  vessel,  of  consider- 
able thickness,  in  the  interior  of  which  are  placed  several 
thin  copper  tubes,  as  represented  at  000;  the  joints  of 
these  tubes,  through  the  top  and  bottom  of  the  receive!*, 
are  made  perfectly  tight  by  packing.  The  use  of  these 
tubes  is  to  apply,  alternately,  heat  and  cold  to  the  liquid 
contained  in  the  receiver,  without  altering  very  sensibly 
the  temperature  of  the  cylinder.  The  operation  of  heat- 
ing and  cooling  through  the  thin  tubes  000,  may  be  effected 
with  warm  water,  steam,  or  any  other  heating  medium; 
and  cold  water,  or  any  other  cooling  medium.     For  this 


2iiS  METALLIC   PISTONS. 

purpose,  the  tubes  ooo~ are  united  by  a  chamber  and  cock 
ppy  by  the  opening  of  which,  with  the  pipes  oo^  hot  and 
cold  water  may  alternately  be  let  in  and  forced  through, 
by  means  of  pumps,  the  cocks  being  worked  in  a  similar 
manner  to  those  in  steam  engines. 

Now,  if  hot  water,  say  at  120%  be  let  in  through  the 
tubes  of  the  receiver  a,  and  cold  watef  at  the  same  time 
through  the  receiver  b,  the  liquid  in  the  first  receiver  will 
operate  with  a  force  of  about  90  atmospheres,  while  the 
liquid  in  the  receiver  b  will  only  exert  a  force  of  40  or  50 
atmospheres.    The  difference  between  these  two  pressures 
will  therefore  be  the  acting  power,  which  through  the 
medium  of  the  oil,  will  operate  upon  the  piston  in  the 
working  cylinder.     It  is  easy  tc^comprehend  that,  by  let- 
ting hot  water  through  the  receiver  6,  and  cold  water 
through  the  opposite  one  a,  a  re-action  will  take  plac^ 
which  will  produce  in  the  working  cylinder  6,  an  alternate 
movement  of  the  piston,  applicable,  by  the  rod/,  to  various 
mechanical  purposes,  as  may  be  required. 
*Mr.  Brunei  has  not  yet  constructed  an  engine  on  this 
principle,  so  that  its  utility  has  never  been  put  to  the  test 
of  experiment.  The  dreadfully  fatal  effects  which  have  been 
produced   by   inhaling  carbonic  acid   gas,  are  too  well 
known ;  and  it  is  to  be  feared  that  no  working  machine 
could  be  constructed,  but  what,  with   such  an   internal 
pressure,  must  be  subject  to  considerable  leakage,  and  con- 
sequently every  such  engine  must  endanger  every  person  who 
approaches  it ;   for  such  are  the  instantaneous  effects  pro- 
duced by  this  gas,  that  instances  have  been  known  where 
it  has  proved  fatal  three  seconds  after  inhalation. 

We  have  mentioned,  more  than  once  in  the  course  of 
this  work,  that  metallic  pistons  have  been  considered  as  a 
very  useful  substitute  for  those  which  ar;  packed  with 
hemp  or  cotton.  We  have  already  given,  at  page  76,  a 
description  of  one  invented  by  Mr.  Cartwright,  which,  as 
we  observed,  is  continued  to  be  usrd^  to  tit  is  day.  We  are 
now  about  to  describe  that  of  Mr.  Barton,  patented  in 
1818,  and  explained  as  follows. 

The  annexed  fi<rure  gives  a  horizontal  section  of  Mr. 
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Bartoii*a   piston.        It  i-i  con)pn<)ed  of 
Ihred  segments  a  a  a,  forming  together 
a  circle;  they  are  mnrle  eilher  ofbraas, 
or  cast  steel,  hardened  and  tempered. 
These  segments  are  preserved  in  therr 
places  by  three  triangular  metal  wedges 
hbb,  which  act  equally  upon  them  by 
the  pressure  of  the  three  strong  helical  springs  ccc  work- 
ing over  three  steel  oins  (not  shewn).    When  (he  segments 
become  worn,  the  wedges  are  protruded  forward  by  the 
force  of  the  springs,  and  fill  up  (he  space  they  would  other- 
wise leave  unoccupied ;  by  which  a  perfectly  close  contaet  n 
uniformly  preserved  for  a  very  considerable  period  of  time 

On  the  exterior  or  periphery  of  the  circle  formed  by  the 
segments  and  wedges,  three  grooves  are  made  all  round ; 
the  upper  and  lower  are  to  contain  two  metal  rings  with 
a  cleft  across  each,  which  Just  fit  flush  into  them  ;  these 
serve  (o'keep  the  several  parts  together,  so  as  to  prevent 
any  displacement  in  putting  in  or  taking  out  the  piston 
from  the  cylinder.  The  middle  groove  is  for  the  purpose 
of  holding  grease  or  oil,  to  lubricate  the  piston  and 
cylinder. 

Mr.  Barton  has  succeeded  in  bringing  this  kind  of  pis- 
tun  into  use  somevhat  extensive!},  and  has  obtained  the 
certificates  of  several  respectable  persons,  as  to  its  effec- 
tiveness and  utility:  from  among  these,  we  quote  the 
authority  of  Messrs.  Thornhill  and  Morley,  of  New  Bond 
Street,  who  state,  that  previously  to  the  adoption  of  Mr. 
Barton's  piston,  they  required  the  steam  to  be  raised  in 
the  boiler,  to  the  pressure ofTS lbs.  on  (he  inch;  but  that 
since  that  time,  their  engine  can  do  more  work  with  the 
steam  at  43 lbs.  only ;  and  (hat  during  three  years  they  had 
not  a  single  s(oppage,  as  it  continued  perfectly  (igh(. 

The  ohjection  which  is  urged  against  this  piston  is,  (hat 
(he  wedges  bib, advancing  forward  as  (hey  become  wjrn, 
-  quicker  than  the  segmentF  aaa,  there  will  be  a  tendency 
in  them  to  cut  grooves  in  the  cylinder,  by  (heir  points 
constantly  working  up  and  down,  or  that  if  (bey  should 
Dot  produce  this  eflect,  then  they  will  be  prevented  (by 
the  resista  jce  of  (he  cylinder)  from  forcing  out  the  scg- 
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mt'iitaso  as  to  keep  them  tight  against  thesides,  and  lliereby 
prevent  the  steam  from  escaping  past  them.  It  i«  also  con- 
tended, that  as  the  segments  are  worn  away,  they  will  not 
fit  closely  to  the  circle  of  the  cylinder,  because  the  curva- 
ture of  a  sDiall  circle  never  can  be  in  contact  with  that  of 
n  larger,  excepting  in  one  point.  In  reply  to  (hcae  objec- 
tions the  inventor  appeals  to  the  actual  experiment,  and 
certainly  it  appears  that  practice  has  not  warranted  these 
conclusiniis;  il  being  found,  that  ihose  points  which  are 
most  forcibly  pressed  against  the  cylinder,  are  the  Moneat 
worn  away,  and  therefore  that  the  points  of  the  wedges,  and 
those  parts  of  the  segments,  which  are  most  forcibly  pressed 
against  the  cylinder,  are  sooner  removed  by  this  self-cor- 
recting process;  so  that  the  whole  is  kept  perffclly  circu- 
lar, and  in  close  contact  with  the  cylinder. 

A  patent  was  also  obtained  by  Mr.  William  Jessop,  of 
Ilultcrley,  Derbyshire,  for  a  metallic  piston,  which  is 
-formed  only  of  one  piecs,  of  a  spiral  figure,  as  below. 


The  pistOM  is  first  to  be  bound  round  with  hempen 
packing,  as  a  bed  for  the  metallic  portion,  and  to  prevent 
the  escape  of  the  steam.  The  spiral  apriag  is  placed  be* 
Iwct-n  the  upper  and  lower  pUles  of  the  piston,  through 
which  screw  bolts  are  passed,  and  by  turning  the  nuts, 
the  plates  are  brought  nearer  to  one  another,  and  the 
metallic  coils  are  thereby  pressed  closely  together.  Thus 
restrained  above  and  below,  the  metallk  coil  is  to  expand 
and  contract  laterally  against  the  sides  o(  the  cylinder,  and 
while  it  shall  effectually  prevent  the  escape  of  the  steam, 
to  press  with  the  requisite  force,  uniformly,  so  as  to  pro- 
duce <very  little  friction. 

On  this  plan  it  may  be  suid,  that  though  the  method  of 
lightening  the  packing  as  it  wears,  is  simple  and  eaxy,  yet 
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11  does  not  obviate  one  of  the  objections  against  hempen 
packing,  namely,  the  danger  that  a  careless,  or  even  an 
experienced  workman,  may  screw  it  down  so  tight,  as  that 
nearly  all  the  power  of  the  engine  will  be  absorbed  by 
giving  motion  to  the  piston.  Though  perhaps  this  will 
appear  a  matter  of  trifling  importance,  as  it  will  be  an- 
swered, that  such  a  fault  can  be  easily  corrected,  yet  it  is 
found,  that  many  engine-men  are  extremely  careless  on 
these  matters,  so  that  it  is  desirable,  if  possible,  to  have 
the  piston  of  such  a  construction,  as  to  be  entirely  out  of 
tbeir  power.  However,  in  the  bands  of  an  ingenious  and 
attentive  engiue-man,  these  pistons  are  found  to  be  very 
useful  and  economical. 

A  great  variety  of  forms  have  been  given  to  the  metallic 
piston  :  generally,  however-,  they  partake,  in  some  degree, 
of  the  principles  of  those  described. 

A  patent  was  obtained,  in  1^523,  for  a  Rotative  Engine, 
by  Messrs.  Beningfield  and  Beale,  of  JLxindon,  which  re- 
sembled in  principle  those  of  Messrs.  Cartwright,  Malam, 
Routledge,  and  Chapman.  It  differs,  however,  from  most 
of  these  in  some  points,  namely,  that  its  external  cylinder 
revolves,  whiUt  the  interior  one  is  stationary,  and  the  mo- 
tion is  communicated  to  the  machinery  by  a  spur  wheel  on 
the  cylinder  working  into  another  spur  wheel  on  the  shaft. 
The  internal  arrangements  of  the  engine  approach  thenear- 
'est  to  Chapman's,  of  any  of  the  above  engines,  the  difference 
being  that  the  leaves  or  valves  are  fixed  to  the  exterior 
cylinlder,  and  the  piston  or  steatn  stop  to  the  interior  cy- 
lind^.  There  are  m^ny  i'n^nious  contrivances  for  the 
simple  working  of  the  different  parts,  and  for  keeping  the 
whole  apparatus  steam-tight  without  much  friction;  and 
judging  from  the  small  engine  which  we  have  frequently 
sechd  in  operation,  and  which  has  been  working  for  nearly 
thfiee  years  at  the  mannfactory  of  Beningfield  and  Co.  wee 
are  inclined  to  judge  more  favourably  of  this  rotative 
engine  than  any  we  hPLve  yet  noticed.  On  a  small  scale, 
there  is  no  doubt  of  its^  utility,  and  we  can  see  no  reason 
why  a  large  engine  should  not  be  found  effective. 

Captain  Walter  Foreman,  of  Bath,  obtained  a  patent, 
in  1824,  for  a  rotative  engine,  which  is  thus  described. 
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Fif^.  1. 19  a  side  view  of  the  steam-wbeel,  with  the  caeinff 
removed,  (o  show  the  situation  and  construction  of  the 
valves,  and  their  mode  of  action  in  the  steam-way.  a  a  is 
the  steam- wheel,  revolving  upon  its  axis  6.  cdefgh  are 
six  flap  valves,  having  steam-tight  joints,  and  fixed  to  six 
blocks  on  the  periphery  of  the  steam  wheel ;  three  of  (he 
valves  are  shown  open,  and  three  closed,  i  is  a  fixed  stop 
for  arresting  the  course  of  the  steam;  it  is  composed  of 
an  upper  and  lower  piece,  accurately  fitting  the  sides  of 
the  chamber,  and  connected  together  by  means  of  screw 
bolts,  so  contrived  as  to  admit  of  an  easy  adjustment  when 
the  lower  curved  surface  may  become  worn,  by  the  friction 
of  the  periphery  of  the  steam-wheel  in  its  revolution. 
o  is  the  anti-friction  roller,  fixed  to  a  springing  curved 
arm,  and  screwed  to  the  stop  i. 

Fig.  2.  is  a  vertical  section  of  fig.  I.,  through  the  axb; 
a  a  the  steam  wheel,  6  the  axis,  {r  A  two  valves,  by  which  are 
seen  their  tapering  figure,  and  the  conical  Form  of  the 
casing  which  encloses  them;  the  lower  valve  is  shown  as 
closing  the  steam-way,  and  the  upper  one  as  leaving  it 
open.  It  will  now  be  perceived  that  the  valves  from  this 
peculiar  shape  do  not,  nhen  moving  backwards  or  for- 
wards, even  touch  the  sides  of  the  casing ;  consequently,  all 
friction  in  those  parts  is  obviated;  the  dotted  lines  in  the 
upper  valve  are  intended  to  illustrate  this  observation. 


(Gtptain  Foreman's  Rotary  Engine.     1884.) 
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9$  ibey.  describe  the  course  of  the  extreme  edg^e  of  the 
¥alTe,  when  in  the  act  of  opening  or  shutting  the  steam* 
way. 

The  mode  of  operation  with  this  engine  is  as  follows : — 
Steam  is  admitted  by  the  tubej,  which  immediately  fills 
up  the  space  between  the  stop  t  and  the  valve  Cj  and  the 
latter  yielding  to  the  expansive  force  of  the  vapour^  gives 
motion  to  the  wheel  a  a;  when,  in  the  revolution^  the 
valve  A  takes  the  place  of  Cy  the  flap  of  h  (swinging  upon 
its  joints)  falls  by  its  gravity  into  the  same  position;  the 
9team  then  acts  against  it  in  like  manner  as  c,  and  success 
sively  the  valves  g  fe  d  in  rotation,  as  fast  as  the  wheel 
revolves,  the  steam  finally  escaping  at  the  pipe  k;  the 
fription*roller  o  pressing  down  each  flap,  as  they  pass 
under  its  operation,  against  the  periphery  of  the  steam- 
wheel. 

The  only  novelty  in  this  engine  is  the  form  of  the  valves, 
which  are  not  rectangular,  like  those  of  other  rotative 
engines  on  a  similar  principle,  but  taper  outwards.  The 
reason  of  their  being  of  this  form  is,  that  there  may  be  no 
firiclion  from  their  sides  rubbing  against  the  lids  of  the 
cylinder,  except  when  they  are  opened  out,  as  at  c  de: 
aikI  further,  that  as  they  become  worn  it  is  calculated  they 
will  still  continue  tight,  because  all  the  threel>earing  sides 
will,  by  being  a  little  further  opened,  press  upon  the 
several  surfaces  over  which  they  pass,  and  so  continue  to 
be  steam-tight.  Though,  perhaps,  a  valve  of  this  form, 
acting  in  a  circular  channel  of  the  shape  here  given,  may 
continue  steam-tight  for  a  great  length  pf  time,  yet  it  un- 
fortunately happens  that  a  leakage  is  produced  in  another 
way  by  the  wearing  of  these  valves,  as  great,  if  not  greater, 
than  could  have  been  by  the  wearing  of  rectangular  valves. 
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These  vnlrcs  must,  in  order  to  pass  under  the  steam- 
stop,  fall  into  recesses  in  the  interior  cylinder,  of  the  form 
of  fig.  I,  and  if  very  accurately  fitted  to  the  sides  of  the 
recess  (a  very  difficult  operation)  may  at  first  be  tolerably 
steam-tight;  but  by  the  continued  wearing  of  the  three 
working  sides  of  the  valve,  a  b,  b  c^  and  d  e,  against  the 
cylinder  and  lids,  the  valve  then  will  become  too  small 
for  the  recess,  and  appear  when  shut  as  in  fig.  2.  Now, 
supposing  the  stop,  t,  to  be  represented  by  the  dotted  lines, 
it  will  be  evident  that  whilst  the  stop  and  valve  are  as 
there  shown,  the  steam  can  freely  enter  the  opening  be- 
tween the  valve  and  the  sides  of  the  recess,  and  escape 
through  that  opening  (say  from  a  to  6).  Therefore,  as 
there  is  at  all  times  one  or  other  of  these  valves  under  the 
steam-stop,  the  leakage  of  course  will  be  constant,  and  in 
a  short  time  so  great  as  to  render  the  engine  quite  ineffec- 
tive and  useless.  Of  the  great  friction  we  say  nothing, 
having  already  treated  of  it,  when  speaking  of  the  en- 
gines which  nearly  resemble  this  in  all  the  points  except 
the  variation  here  described. 

A  patent  was  obtained  in  1825,  by  Mr.  Joseph  Eve, 
(late  of  the  United  States,  but  now  of  Liverpool,)  for  a 
Rotatory  Engine,  the  following  description  of  which  we 
extract  from  his  specification. 

Fig.  1.  presents  an  end  section  ;  fig.  2.  a  longitudinal 
section  of  the  said  engine,  on  the  simplest  manner  of  con- 
struction. The  same  letters  refer  to  similar  parts  in  all 
the  figures. 

^^  aa,  are  the  cylinder  and  cone,  revolving  in  contact  in 
opposite  directions,  the  cone  having  one  groove,  and  being 
one  third  of  the  diameter  of  the  cylinder,  which  latter  has 
three  wings  or  pistons  c  c  c,  the  ends  of  which,  as  they 
revolve,  touch  the  outer  case  e,  and  do  not  admit  any  steam 
to  pass.  The  steam  is  admitted  through  the  pipe  fj  and 
acting  on  the  wing  c,  causes  the  cylinder  to  revolve  until 
the  said  wing  passes  the  pipe  g,  when  the  volume  of  steam 
lodged  between  each  two  wings,  is  allowed  to  escape. 
The  wing,  which  has  thus  passed,  falls  into  the  groove  d 
of  the  cone,  the  bottom  of  which  groove  it  touches  in 
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(Eve^s  Rotary  Engines.    1825.) 

passings,  thus  allowing  no  steam  to  escape  between.  The 
said  wing  c  then  passes  again  by  the  steam  pipe/,  and  is 
acted  upon  as  before  described,  and  so  on  in  rotation, 
The  cylinder  a,  which  is  firmly  fixed  to  its  axis  6,  rests  on 
one  side  on  the  outer  case  ej  through  which  the  axis  pro- 
jects ;  but  as  there  is  some  friction  produced  by  the  revo- 
lution of  the  said  cylinder  at  its  two  ends  touching  the 
outer  case,  I  have  placed  a  false  end  h  A,  under  (he  oppo- 
site end  of  the  cylinder,  which  false  end  slides  on  the  axi8 
b  freely,  and  has  a  thread  cut  at  the  end, by  means  of  which, 
and  the  adjusting  nut  t,  the  cylinder,  if  worn  at  the  tuo 
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ends,  can  be  easily  tigbtenedand  adjusted.  The  adjustind^ 
nut  is  confined  by  the  collar  Jk,  wbich  collar  is  screwed  to 
the  outer  case.  The  conical  shape  of  the  small  runner, 
which  can  likewise  be  moved  upwards  or  downwards  in 
the  outer  case,  serves  to  keep  the  two  convex  surfaces  of 
the  cylinder  and  cone  in  contact. 

^^  The  groove  (f«  in  the  conical  runner,  is  cut  into  a  sepa- 
rate piece  of  metal,  which  slides  by  an  adjusting  screw 
o  up  and  down ;  so  that  wlien  the  engine  is  adju9ted,  the 
grooved  dy  on  the  piece  of  metal,  into  which  the  said  groove 
is  cut,  can  be  moved  up  and  down^  so  as  to  fit  the  wings  of 
the  cylinder. 

'^  Letters  n  n,  in  fig.3,  represent  two  cog-wheels  running 
into  each  other,  attached  on  the  outside  of  the  engine  to 
the  axis  of  the  cylinder  and  cone,  placed  there  for  the 
purpose  of  producing  a  corresponding  revolution  of  the 
said  cylinder  and  cone,  thus  causing  the  groove  of  the  cone 
to  present  itself  regularly  to  the  wings  of  the  cylinder; 
o  is  a  pinion  fixed  to  the  other  end  of  the  axis,  by  means 
of  which  any  machinery  can  be  put  into  motion. 

^^  Another  variety  of  constituting  a  steam  engine  on  this 
principle  is  shown  by  an  end  section  view  in  fig.  5,  and  an 
external  view  in  fig.  6.  This  engine  has  a  cylinder  with 
two  small  conical  runners  on  each  side,  the  said  conical 
runners  being  of  the  same  construction  as  before  described, 
with  one  groove  cut  into  each,  and  being  one  third  of  the 
diameter  of  the  cylinder.  There  are  two  induction  and 
two  eduction  steam  pipes,  and,  although  the  engine  may 
be,  with  the  exception  of  the  addition  of  one  of  the  conical 
runners,  exactly  of  the  same  size  as  the  one  first  described, 
a  double  quantity  of  steam  is  requisite,  and  twice  the 
power  of  the  former  engine  is  gained:  the  steam  enters 
through  the  pipe  /a,  and  acts  on  the  wing  c,  which  after 
having  passed  pipe  g  o,  where  the  steam  escapes,  falls  into 
the  groove  d  of  the  lower  cone,  and  appearing  at  the  in- 
duction steam  pipe/&,  is  loaded  again  with  steam  pressure, 
which  it  discharges  at  the  second  eduction  pipe  g  o,  and 
then  enters  the  groove  of  the  upper  cone,  which  having 
passed,  rt  is  loaded  again  at  the  first-mentioned  induc- 
tion pipe. 
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*'  LeUers  mm  are  bridges,  by  which  the  spindles  on  hxih 
6  66  are  supported.  This  engine  has  three  cog-wheels 
nnn  attached  to  the  three  spindles,  so  as  to  cause  the 
cylinder  and  cones  to  revolve  in  unison,  and,  like  the  first 
described  engine,  a  pinion  o  on  the  opposite  end  of  the 
axis  of  the  cylinder.  Fig.  7,  shows  an  end  section ;  fig.  8, 
a  longitudinal  section  ;  and  fig.  9,  the  exterior. 

^^The  two  conical  runners  in  this  engine  are  of  an  equal 
length  and  diameter,  each  has  two  wings  or  pistons  attached, 
and  two  grooves  cut  into  it,  and  in  revolving  in  opposite 
directions,  the  wing  of  one  runner  falls  alternately  into  the 
groove  of  the  other.  The  steam  enters  by  pipe/,  and  as 
the  cylinders  are  running  in  contact^  it  cannot  escape  be- 
tween them,  but  acts  upon  the  two  wings  in  opposite  di- 
rections, and  escapes  at  the  eduction  pipe  9,  after  the  said 
wings  have  passed  the  same.  By  reference  to  fig.  8.,  which 
represents  a  longitudinal  section,  it  will  be  seen  that  the 
two  cones  have  each  two  false  endspp,  sliding  freely  on 
their  spindles ;  the  two  outer  cases  6  6  fit  over  the  runners 
and  their  wings  exactly,  each  of  the  four  false  ends  has  an 
adjusting  nut,  by  which  the  engine  is  tightened,  if  steam 
should  escape,  or  slackened,  if  it  should  run  too  tight. 
Each  pair  of  the  false  ends,  where  they  join,  have  a  plate 
that  connects  them  and  breaks  their  joints,  so  as  to  prevent 
an  escape  of  steam  ;  this  plate  p  slides  into  the  groove  r, 
cut  out  of  the  false  ends,  as  exhibited  by  fig.  3,  and  fig.  4, 
the  former  shewing  an  end  view  of  the  false  ends  with  the 
connecting  plate  in  the  middle.  On  these  false  ends  pack- 
ing rings,  gg  g^  which  are  confined  to  the  sliding  plate  as 
exhibited  in  the  latter  figure,  are  placed.  These  rings  press 
against  the  hollow  outer  cases,  and  prevent  any  steam 
escaping  by  them.  These  packing  rings  are  shown  in  sec- 
tion, in  fig  8.  It  will  be  evident  that  the  false  ends  need 
not  be  made  true,  if  the  connecting  plates  and  packing 
rings,  as  above  described,  be  adopted,  and  that  the  engine, 
if  provided  with  moveable  false  ends,  conical  runners,  and 
the  afore-described  connecting  plates,  and  packing  rings 
attached,  as  shown  in  fig  8,  can  always  be  kept  steam- 
tight,  and  by  use  the  various  parts,  on  which  there  is  any 
friction,  will  fit  bettar. 
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This  engine  approaches  nearest  to  Mr.  Flint^s,  described 
at  page  I8i%  and  is  of  course  liable  to  the  same  objections. 

A  patent  was  obtained  in  1826,  by  Loois  Joseph  Marie, 
Marquis  de  Combis,  for  an  improved  Rotary  Engine, 
the  principle  of  which  is  as  follows  : — 

^^  A  piston  is  made  to  circulate  within  a  vertical  hollow 
ring,  by  steam  admitted  alternately  at  two  opposite  points 
of  the  diameter  of  the  latter,  and  discharged  through  per* 
forations  in  the  central  boss  of  the  piston,  and  in  its  tubu« 
lar  axis  ;  which  hollow  ring  is  separated  into  two  equal 
portions,  by  sliding  valves,  that  pass  across  its  cavity  on 
to  the  axle,  at  its  different  sides,  and  which  are  withdrawn 
successively  as  the  piston  approaches  to  them,  and  are  in- 
stantly replaced  as  soon  as  it  has  passed. 

^^The  form  of  the  case  that  contains  the  hollow  ring 
may  be  conceived  by  supposing  a  flat  cylinder  with  its 
angles  rounded  off,  from  which,  rectangular  pieces  project 
at  opposite  sides  of  its  diameter,  to  contain  the  sliding 
valves.  This  case  is  divided  into  two  equal  portions,  by 
a  section  through  the  middle  of  the  axis  of  its  cylinder,  and 
at  right  angles  to  it,  each  of  which  portions  is  again  divi« 
ded  into  two  equal  parts  by  another  section,  that  passes  in 
the  plane  of  the  axis,  and  through  the  midst  of  the  valve 
receptacles;  the  four  pieces,  thus  formed  by  the  two 
sections,  are  united  by  screw  bolts  and  nuts,  passed 
through  flanches  cast  on  them  for  their  reception.  A  per« 
foration  is  made  through  the  middle  of  the  cylinder,  in  the 
line  of  its  axis,  whose  diameter  is  between  three  and  four 
times  greater  than  that  of  the  revolving  axle  of  the  en« 
gine  that  passes  through  its  centre;  and  at  equal  distances 
irpm  it,  all  round  close  to  the  sides  of  the  cylinder,  is 
formed  the  annular  cavity,  or  hollow  ring,  in  which  the 
piston  moves. 

^^  The  axle  of  the  engine  projects  a  considerable  distance 
beyond  the  cylinder  at  each  side,  to  allow  space  on  it  suf- 
ficient for  the  reception  of  the  main  wheel  (by  which.it 
fi^ivet  motion  to  the  machines  with  which  it  is  connected,) 
for  the  fly-wheel,  and  for  the  parts  that  impel  the  appara* 
lus,  which  works  the  sliding  valves  of  the  hollow  ring,  and 
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those  of  the  steam  box  which  communicates  with  the  oppo* 
site  sides  of  its  diameter.  In  the  middle  of  this  axle  is  a 
boss,  or  enlarged  part,  of  the  full  diameter  of  the  perfo- 
ration of  the  cylinder,  but  only  of  the  thickness  which  is 
found  necessary  for  an  arm,  that  passes  from  it  to  the  piston 
at  right  angles  to  the  axle,  whose  breadth  regulates  its 
size :  and  for  the  revolution  of  which,  along  with  the  pis- 
ton, a  circular  cavity  is  left  between  the  two  lateral  divi- 
sions of  the  cylinder. 

^^To  make  the~  cavities  steam-tight  at  each  side  of  the 
boss  round  the  axle,  there  is  first  a  layer  of  hemp  packing 
put  in  close  to  it  at  each  side  ;  secondly,  a  cylindrical  piece 
Ls  placed  over  that,  round  the  axle,  which  closely  fills  up 
the  whole  central  perforation  through  the  cylindrical  part 
of  the  case,  in  the  external  portion  of  which  piece  a  hol- 
low cone  is  formed,  with  its  apex  next  the  boss,  from  the 
top  of  which,  ear^  project  at  each  side,  through  which 
screws  pass  that  draw  it  towards  the  case,  and  thereby 
compress  the  packing  between  it  and  the  boss;  and,  thirdly, 
Ik  conical  piece,  perforated  to  receive  the  axle  in  its  centre, 
and  ground  so  as  to  fit  the  conical  cavity  truly,  is  placed 
over  the  hole,  and  connected  by  sliding  side-pieces  to  the 
axle  so  as  to  turn  along  with  it;  while  from  other  pieces, 
also  attached  to  the  axle,  screws  parallel  to  it  project  so 
as  to  press  it  towards  the  centre. 

.  ^^  The  piston  (which  is  called  a  sole,  by  the  patentee)  is 
made  steam-tight  by  two  layers  of  metallic  packing,  (each 
formed  of  three  segments  of  a  circle  equal  to  it,  having 
three  triangular  pieces  pressed  into  the  angular  cavities, 
formed  at  their  points  of  junction  by  helical  springs  that 
proceed  from  the  centre,)  whose  principal  pieces  are  so 
arranged,  that  the  joinings  in  one  layer  are  covered  by  the 
middle  parts  of  those  in  the  other  layer ;  and  the  sliding 
valves  that  pass  across  the  case  horizontally  through  the 
hollow  ring  to  the  axle  are  made  steam-tight  at  the  sides^ 
by  fitting  closely  to  the  parts  of  the  case  through  which 
they  pass,  and  next  the  axle  by  a  metallic  packing  pressed 
towards  the  latter  by  springs;  and  as  it  is  expedient  that 
these  valves  should  be  thin,  that  the  piston  may  pass  the 
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caxities  through  which  they  slide,  with  more  facility,  to 
gi\c  them  at  the  sAme  time  siithcient  strength,  ribs  are  fixed 
to  their  faces  in  the  direction  of  their  motion,  for  which 
there  are  corresponding  grooires  formed  in  the  projections 
of  the  case,  into  which  they  are  received ;  which  projections 
extend  sufficiently  to  enclose  them  at  every  side,  only 
being  perforated  opposite  the  middle  line  of  the  slides,  to 
allow  of  the  passage  of  rods,  that  proceed  from  them 
through  stuffing  boxes,  sicnilar  to  pinton  rods,  by  which 
rods  they  receive  their  motion. 

^^  To  connect  the  main  wheel  with  the  axle,  two  circu- 
lar discs  are  fixed  to  the  latter,  so  that  one  of  them  may 
be  pressed  toward  the  other,  by  screws  from  other  parca 
proceeding  from  the  axle ;  and  the  main  wheei  being 
placed  between  these  discs,  with  its  centre  on  the  axie,  ia 
fio  compressed  between  them,  that  it  revolves  with  them, 
so  long  as  the  resistance  of  the  work  to  which  it  is  applied 
is  less  than  that  caused  by  the  pressure  or  friction  or  tae 
discs  ;  but  should  the  former  become  the  greatest,  from  ^ny 
accidental  obstruction,  the  discs  will  pass  round  without 
moving  the  main  wheel ;  by  which  means  the  destruction 
of  material  parts  of  machinery  will  be  prevented,  which 
might  otherwise  be  liable  to  occur. 

^^  To  one  of  these  discs  just  mentioned,  a  flat- toothed  plate 
is  attached,  whose  shape  and  teeth  correspond  with  those 
of  two  eccentric  spiral-toothed  cams,  one  of  which  is  placed 
at  each  side  of  it,  and  from  which  connecting  bars  proceed 
two  crank  pieces,  which  by  these  cams  move  forward  and 
retract  the  sliding  valves  of  the  hollow  ring,  at  the  proper 
periods ;  at  the  parts  of  these  cams  that  are  farthest  from 
their  centres,  the  teeth  are  serrated^  but  at  those  which  are 
more  centrical,  and  where  they  approximate  to  the  foim 
of  circles,  the  teeth  are  similar  to  those  in  common  use. 

^  The  steam  passes  from  the  boiler,  that  is  not  described, 
by  a  tube  furnished  with  a  cock,  (by  which  the  passage 
can  be  diminished  as  desired,)  to  a  steam  receptacle  of  a 
aemi^annular  form,  and  of  about  the  same  size  as  the  hoi* 
low  ring,  which  is  placed  parallel  to  this  latter.  From 
13.  80 
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the  opposite  ends  of  this  receptacle,  tubes  pass  to  the  hol- 
low ring  close  to  the  sliding  valves ;  in  which  tubes^  where 
they  proceed  from  the  receptacle,  are  fixed  other  sliding 
valves,  called  cocks,  by  the  patentee,  which  are  moved  by  a 
system  of  crank  levers  and  connecting  bars,  something 
similar  to  that  used  for  the  valves  of  common  steam  en- 
gines, which  receive  their  primary  impulses  from  arms 
attached  to  the  axle  of  the  steam  engine  in  such  a  manner, 
that  the  times  and  degree  of  their  impulses  may  be  varied 
so  as  to  diminish  or  increase  the  quantity  of  the  steam 
admitted  to  the  engine,  by  a  little  apparatus  fixed  to  the 
axle,  which  could  not  be  well  explained  without  a 
drawing. 

'^  These  valves  of  the  steam  tubes,  and  the  larger  slides 
of  the  hollow  ring,  are  moved  so,  by  the  means  described, 
tha^  as  soon  as  the  piston  passes  one  of  the  latter  and  it 
becomes  closed,  the  steam  tube,  that  enters  the  hollow 
ring  close  to  this  slider  and  between  it  and  the  piston,  is 
opened,  and  the  tube  at  the  opposite  side  becomes  closed, 
which  latter,  in  its  turn,  becomes  opened,  as  soon  as  the 
piston  has  passed  it  and  the  slide  at  the  side  close  ad- 
joining. 

'^  The  steam,  after  passing  out  from  the  hollow  ring 
through  the  perforation  in  the  boss  and  the  tubular  pas- 
sage in  the  axle  before-'mentioned,  enters  a  condensing 

vessel,  where  the  greatest  part  of  it  is  condensed  into 
water,  and  through  a  spiral  tube  or  worm  in  the  vessel, 
runs  from  thence  by  a  pipe  into  a  closed  reservoir,  which 
communicates  with  the  bottom  of  the  pump  that  supplies  the 
boiler ;  to  which  pump  also  another  pipe  rises  from  the 
cold  water  well,  which  being  below  the  level  of  the  reser- 
voir, the  water  only  ascends  from  it,  when  the  latter  is 
empty ;  and  when  the  boiler  is  sufficiently  full,  the  pipe 
9f  supply  is  closed  by  the  rising  of  a  balanced  floating 
weight.  This  pump  is  worked  by  a  revolving  crank, 
that  communicates  with  the  main  axle,  and  which  turns  in 
a  horizontal  »lot,  in  a  piece  attached  to  the  top  of  its  pis- 
ton rod. 
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^^  An  open  oil  vessel  is  placed  at  the  top  of  the  hollow 
ring,  from  which  a  pipe  passes  into  it,  that  is  closed  by  a 
cock  made  to  turn  round  very  slowly  by  a  pinion  attached 
to  it,  in  which  another  pinion  works,  whose  axis  extends 
to  one  of  the  discs  on  the  main  axle,  where  a  wheel  is 
fastened  to  it,  into  which  a  pin  projecting  from  the  disc 
strikes,  once  in  each  revolution  of  the  latter,  and  moves  it 
forwards  the  extent  of  a  single  toot^.'** 

This  engine  comes  nearest,  in  its  principle,  to  that 
patented  by  Mr.  Joseph  Turner,  m  181 G,  the  form  of  the 
sliders  and  piston,  together  with  some  of  the  interior  dr- 
rangements,  being  nearly  similar.  Some  of  the  improve* 
ments  are  very  ingenious,  and,  on  the  whole,  perhaps, 
there  is  less  liability  to  waste  of  steam  :  but  we  fear,  that 
the  great  objection  to  many  rotary  engines,  namely,  the 
striking  of  the  sliders,  will  remain  here  in  full  force. 

We  now  come  to  describe  the  rotary,  for  which  the 
inventor  obtained  a  patent  in  December,  1826. 

Figure  I  represents  an  elevation  of  the  exterior  of  this 
rotary  engine.  Fig.  2  represents  an  end  view.  Fig.  8 
represents  a  section  of  fig.  2.  Fig.  4  a  section  of  fig.  1 .  a  a, 
figs.  1,  3,  and  4,  is  the  cylinder,  being  accurately  bored 
in  the  same  manner  as  the  cylinder  of  other  steam  engines, 
excepting  that  at  the  two  ends  there  is  a  rebate.  The 
flanges  are  also  turned  rectangularly  to  the  cylindric 
part^  so  as  to  be  quite  smooth  and  true  on  their  faces. 
The  lids  or  caps  b  6,  are  turned  on  their  flanges  also ;  they 
are  then  turned  flat  from  c  to/.  At /they  project  inwards, 
and  form  the  cylindric  bosses  dd,  (also  turned,)  until  they 
nearly  meet  each  other  in  the  interior  of  the  cylinder, 
leaving  only  a  space  of  about  two  inches  in  large  engine?, 
and  a  proportionably  less  one  in  smaller  engines.  The 
turned  flanges  of  the  lids  being  ground  against  the  turned 
flanges  of  the  cylinder,  form  a  8team«tight  joining,  which  is 
made  additionally  secure  by  the  corner  or  angle  of  the  lid 
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being  at  the  same  lime  ground  against  the  rebate  in  the 
cylinder.  On  opposite  aides  of  the  cylinder,  fig.  3,  there 
■re  two  apertures  cut  quite  through,  of  rn  t^quat  breadth, 
and  extending  the  lengthway  of  the  cylinder  parallel  to 
the  axis,  and  of  such  a  length  as  to  reach  about  thre« 
quarters  of  an  inch  over  the  flat  paits  cf,  nf  the  lidv. 
(jrooves  of  a  corresponding  breadth,  and3-4ths  of  an  inch 
deep,  are  cut  in  the  lids  from  €  to/,  in  a  direct  line  to 
the  axis.  Similar  grooves,//,  are  cut  in  the  bosses  parallel 
to  the  axis.  These  are  about  an  inch  deep,  and  of  the 
mme  breadth  as  the  former.  The  dimensions  of  these 
grooves  will  be  varied,  to  suit  the  size  of  the  engine.      It 
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18  apparent  that  a  section  from  y  to  z,  fig.  2,  will  pass 
through  the  centre  of  all  these  grooves.  The  slideis,  g  g^ 
figs.  3  and  4,  are  two  plates  of  metal,  faced  with  a  thin 
facing  of  brass  or  gun-metal ;  they  are  of  such  a  thickness 
as  to  move  freely  in  their  respective  grooves,  of  such  a 
length  as  to  extend  from  the  bottom  of  the  grooves  in  each 
lid,  and  of  such  a  breadth  as  to  reach  from  the  outside  of 
the  cylinder  to  nearly  the  bottom  of  the  groove  ff*  The 
purpose  of  these  grooves  is  to  form  a  bearance  for  the 
sliders,  which  being  made  smooth  and  flat,  and  afterwards 
ground  into  their  places  in  the  grooves,  become  steam 
tight  in  every  part,  excepting  at  the  space  left  between 
the  bosses.  Now  there  is  a  central  plate,  x,  (fig.  3  and  4), 
which  is  attached  to,  and  revolves  with  the  axis  ee.  This 
plate  is  of  a  thickness  sufficient  to  occupy  the  space  be« 
tween  the  bosses,  and  is  kept  steam  tight  by  the  circular 
rings  1 1  and  22,  (placed  in  recesses  turned  in  the  bosses) 
pressing  upon  each  side  of  the  plate  x^  Underneath  each 
plate  is  introduced  a  quantity  of  hempen  or  cotton  pack- 
ing, which  answers  the  double  purpose  of  preventing  the 
escape  of  the  steam  between  the  ring  and  its  recess,  and 
that  the  elasticity  of  the  packing,  by  keeping  the  ring 
pressed  upon  the  plate,  prevents  an  escape  in  that  di- 
rection. 

To  make  the  sliders  and  the  central  plate  form  a  steam- 
tight  union,  small  pieces  of  brass  are  screwed  to  the  sliders, 
and  thereby  allow  them  to  be  brought  into  contact  with 
the  edge  of  the  plate  rtr,  without  permitting  any  part  of  the 
sliders  to  touch  the  bottom  of  the  grooves,//.  At  oppo- 
site points  of  the  plate  jt,  there  is  a  small  portion  of  the 
circle  cut  away,  (see  F,  fig.  3)  ;  the  purpose  of  which  is, 
that  the  sliders  may  be  moved  into  their  places  without 
noise,  for  that  is  produced  by  the  striking  of  two  sub- 
stances together,  and  these  sliders  cannot  strike  against 
the  bottom  of  the  grooves,  nor  yet,  from  the  external  cam, 
against  the  periphery  of  the  plate. 

The  boxes  or  cases,  1 1, 1,  2, 3  and  4,  are  for  the  recep- 
tion of  the  sliders,  when  they  are  withdrawn  from  tk^ 
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cyliDder.  Stuffing  boxes,  jj,  are  placed  in  the  middle  of 
Ae  bonnete,  Ibrough  which  tbe  rods,  k  k,  are  worked. 
These  rods  are  ettached  to  tbe  sliders  by  means  of  croaa 
'pieces,  b  b,  fig.  3,  which  ai-e  dove^tailed  and  bolted  to 
them  :  and  at  tbe  outer  end  they  are  keyed  to  the  cross 
'heads,  mm,  1  and  2,  eimitarly  secured  to  the  rods,  n n n  n, 
iwhieb  are  forked  at  the  ends  nearest  to  the  axis.    A  spudl 
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spindle  pRuseo  tbrouf^h  the  ends  of  ea«h  fork,  upon  which 
run  three  friction  sheaves,  the  larger  ones,  o,  6g.  1,  beiBff 
placed  betweea  the  forka,  and  the  smaller  oneupp,  on  the 
ends  of  the  spindle.  They  are  not  fixed  to  the  spiadliq^ 
and  therefore  may  revolve  separately  and  independently 
of  each  other. 

The  piston  consists  offour  pieces  of  brass,  organ  metal, 
of  about  2|  inchee-io  thicknetss,  filed,  or  otherwise  mada 
perfectly  smooth,  and  uniformly  thick.  Each  piece  is  in 
the  form   of  the  letter  L,  in  the  interior  of  the  pistos; 
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and  the  spiral  springs,  acting  against  an  abutment,  force 
them  outwards.  Two  plates  of  metal,  having  a  facing  of 
equal  breadth  to  the  brass,  are  laid  on  each  surface  of  the 
brass  pieces,  and  pressed  on  them  by  means  of  the  brass 
bolts  passing  through  the  whole  of  the  piston.  These 
plates  and  the  brass  pieces  being  previously  ground  to- 
gether, prevent  the  steain  from  escaping  between  them  ; 
and,  as  an  additional  security,  there  are  semi-circular 
grooves  cast  in  the  metal  plates,  into  which  hemp  4>r  cotton 
is  stuffed,  and  by  pressing  on  the  brass  prevents  the  possi- 
bility of  an  escape,  except  at  the  points  of  union  between 
the  brass  pieces.  In  order  to  make  these  parts  tight  also, 
small  overlap  pieces  are  sunk  into  the  brass,  about  one- 
fourth  of  an  inch,  and  as  the  piston  wears  away  and  widens 
the  openings  between  the  pieces,  these  still  continue  to 
cover  them.  Those  parts  of  the  brass,  which  are  against 
the  arm  of  the  piston,  are  let  into  recesses,  and  hemp  or 
cotton  is  placed  underneath  them,  which  prevents  escape 
in  that  direction.  This  is  called  a  compound  compensa- 
ting piston  :  it  possesses  the  property  of  being  more  tight 
than  metallic  pistons  are  generally,  by  the  using  of  both 
bempen  and  metallic  packing,  and  also  being  equally  free 
and  not  liable  to  be  jammed,  when  heated ;  this  latter 
qualification  arises  from  making  the  bolts,  which  hold  the 
plates  together,  of  the  same  material  as  the  wearing  part, 
by  which  means  the  distance  between  the  plates,  when 
heated,  is  as  much  increased  by  the  expansion  of  the  bolts 
as  the  intervening  pieces  are  expanded;  consequently,  they 
cannot  be  bound  or  jammed  in  their  places,  under  any 
Tariation  of  temperature. 

There  are  four  valves  in  this  engine ;  two  of  them  are 
placed  in  each  lid.  They  consist  of  circular  brass  plates, 
the  bottom  ones  being  cemented  or  otherwise  fastened  into 
a  recess  in  the  end  cast  for  them ;  the  upper  plate  is  then 
placed  above,  and  both  being  previously  ground  together, 
the  steam  cannot  enter  the  cylinder,  but  through  them  ; 
that  is  to  say,  when  the  holes  in  eaoh  plate  are  placed  over 
jMch  other,  the  valve  is  open,  and  when  otherwise  shot.  A 
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plate  covers  the  recesses  in  which  the  valves  work,  and 
may  either  be  cast  with  the  ends,  or  afterwards  bolted  and 
cemented  to  them ;  the  spaces  between  the  lids  and  the 
plates  form  circular  chambers;  and  have  each  three 
openings;  two  circular  ones,  large  enough  to  get  readily 
to  the  valves,  and  a  rectangular  one,  to  which  a  steam 
pipe  is  attached.  Bonnets  cover  the  circular  holes,  which 
are  thicker  in  their  centres,  having  a  cylindric  hole  large 
enough  to  admit  smaller  bonnets  OO,  fig.  4,  to  be  placed 
therein.  Spindles,  previously  keyed  to  the  moving  plate 
of  the  valves,  arc  brought  through  O  O  to  the  exterior 
of  the  lids.  These  valves  and  the  spindle  are  kept  steam- 
tight  by  the  screws  of  OO  being  turned  a  little  round, 
which  presses  the  bonnets,  OO,  in  the  first  instance,  upon 
the  enlarged  part  of  (he  spindle,  (shown  at  6g.  4,)  and 
also  upon  the  face  of  the  fixed  valve  plate.  Small  cranks, 
88,  fig- 2,  are  attached  to  the  outer  ends  of  the  valve 
spindles,  which  are  connected  to  the  gear,  99,  Upon  this 
gear  are  fixed  two  friction  sheaves,  which  being  acted 
upon  by  the  cam  01,  at  proper  periods,  the  cranks,  and 
consequently  the  valves,  are  alternately  moved  to  and  fro 
by  the  revolution  of  the  axis,  ee:  one  of  them  opening 
when  the  other  is  closing,  and  vice  versa. 

33,  figs.  1  and  2,  are  two  cams,  one  half  of  which 
(namely,  from  4  to  5)  is  concentric  with  the  axis,  and 
the  other  part  is  the  eccentric  or  cam  part,  by  which  the 
sliders  are  moved.  The  motion  is  produced  by  the  eccen- 
tric part  acting  on  the  sheaves,  o  o,  fig.  2,  and  moving 
them  to  and  from  the  axis.  The  smaller  sheaves,  pp,  run 
between  guides,  (see  the  dotted  lines,  fig.  72,)  which  pre- 
serve a  vertical  motion  to  the  rods  nn. 

The  holes,  through  which  the  steam  escapes,  and  is  ad-' 
mitted,  are  placed  as  near  the  slider  as  they  can  be  brought, 
and  are  shown,  for  the  purpose  of  illustration,  ai  being  all 
in  one  lid,  at  fig.  3,  though,  as  has  been  previously  stated, 
there  are  two  in  each  lid.  The  effect,  however,  would  be 
the  same  were  they  as  represented  in  fig.  3,  and  therefore 
ahis  mode  of  explanation  will  be  as  clearly  understitod. 
13  y  F 
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A  pip(>  ia  brought  round,  as  at  A^  fig.  2,  into  a  steam- 
chest,  B,  6g.  1,  and  2,  in  which  latter  is  a  common  alide 
ralve.  Iiilo  this  steam-chest  the  steam  is  brought  from 
the  boilerrby  the  pipe  C,  and  escapes  into  the  atmo- 
sphere or  condenser  by  the  pipe  D.  This  elide  valve,  and 
the  apparatus  connected  with  it,  are  for  the  purpose  of 
reversing  the  motion  of  the  engine. 

In  order  to  put  this  engine  in  operation,  steam  is  ad* 
tnitted  into  the  steam-chest  B,  when  the  slide  vaUe  is 
placed  in  such  a  position  as  to  allow  the  steam  to  enter 
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U)  at  one  end,  and  escape  at  the  Dther;  or  in  other  words, 
when  the  valves  ^i  and  7,  fig.  3,  are  the  induction  valves,^ 
and  14  and  15  the  eduction  valves;  and  when  the  piston 
and  sliders  are  in  the  position  shown  at  fig.  4.  The  valve, 
14,  is  then  open,  and  communicates  with  the  atmosphere  or 
eondensei^  and  the  valve,  7,  with  the  boiler;  the  steam, 
therefore,  entering  through  7,  rushes  against  the  piston 
and  the  upper  slider,  which  becomes  the  abutment  against 
n  hich  the  steam  exerts  its  force.  The  piston  recedes  from 
the  pressure  in  the  direction  of  the  arrow,  turning  with  it 
the  central  plate  at,  the  axis,  e  e^  the  cams,  3,  3,  and  the 
valve  cams,  01,  01.  As  the  shaft  turns,  therefore,  the 
cam  3,  fig.  2,  revolves,  and  the  cam  or  eccentric  part  gra* 
dually  leaves  the  lower  rods,  n  tt,  and  presents  the  con^ 
ceutric  part  to  the  sheaves  of  the  said  rods.  Now  the  lower 
cross  head  being  pressed  upwai^ds  by  the  coiinterbalance, 
-E,  gradually  ascends  into  the  cylisder,  so  that  when  the 
point  4,  is  in  contact  with  the  sheaves  of  the  lower,  rods 
11  f/,  the  slider  has  then  reached  its  place  in  the  cylinder, 
being  nearly  in  contact  with  the  central  plate  F,  and  also 
upon  its  bearance  in  the  grooves  before-mejitioned ;  the 
piston  will  be  then  at  the  point  G  of  the  cylinder,  and 
both  the  sliders  shut,  the  two  valves,  7  and  14,  only  being 
open.  Now,  as  the  piston  continues  to  revolve,  the  cams 
3  3  are  gradually  opening  the  upper  slider,  and  the  cami 
10  gradually  shutting  the  valve  14,  and  opening  the  valve 
15;  so  that  when  the  piston  reaches  the  valve  15,  the 
former  is  completely  shut,  and  the  latter  completely  open ; 
and  when  the  piston  reaches  the  upper  slider,  it  is  com* 
pletely  withdrawn  from  the  cylinder,  and  thereby  allows 
the  piston  to  pass  it.  At  this  point,  the  steam  is  entering 
through  6,  and  escaping  through  15,  the  lower  slider  being 
then  the  abutment  upon  which  the  steam  acts.  After  the 
piston  has  passed  the  upper  slider,  the  cam  3  allows  the 
piston  gradually  to  return  to  its  place  in  the  cylinder,  and 
after  the  piston  has  passed  the  valve  6,  that  valve  begins 
gradually  to  open^  and  the  valve  7  to  close.  Therefore, 
when  the  piston  has  reached  the  pipe  H,  the  upper  slider 
'•9  in  its  seat  in  the  c\  Under,  the  valves  7  and  14  are  quite 
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shut,  and  6  diid  15  quite  open :  the  cam  4  then  begins  to 
give  motion  to  the  lower  slider,  as  before  described,  and 
the  cams  10  to  the  valves,  so  that  a  constant  rotation  of 
the  axis  is  kept  up. 

To  reverse  the  motion  of  this  engine,  the  sliding  valve 
in  the  steam-chest  is  moved  on  its  face,  so  that  the  valves  6 
and  7  become  the  eduction  valves,  and  14  and  15  the  induc« 
tion  valves.  Supposing  the  piston  therefore  in  the  position 
shewn  in  fig.  3,  and  the  steam  previously  entering  through 
a  and  7,  and  escaping  ^through  14,  it  will  be  seen  that  if  6 
and  7  become  the  escape  valves,  and  14  and  15,  the  in- 
duction valves,  the  steam  from  the  boiler  will  then  rush 
through  J 4,  and  press  upon  the  piston,  and  so  drive  it  in  a 
direction  contrary  to  the  arroWy  whilst  the  steam,  before 
actuating  the  engine,  escapes  through  6  and  7,  which  being 
shut  and  opened  at  their  proper  time  by  the  cams  01,  keep 
up  the  rotation  in  the  opposite-direction. 

The  difficulties  which  have  been  encountered  in  the 
construction  of  a  rotary  engine,  have  been  so  repeatedly 
enumerated  in  the  course  of  this  work,  that  it  would  be 
needless  to  repeat  them.      It  will   be  remembered  that 
great  friction,  leakage,  and  the  difficulty  of  maintaining 
the  packing  steam-tight,  have  been  generally  found  the 
great  obstacle  to  the  successful  adoption  of  such  engines. 
It  is  calculated  that  these   objections  have  been  removed 
.  by  the  author^s  patent  engine.     The  friction  has  been  re- 
duced in  a  very  great  degree,  compared  to  that  of  the 
reciprocating  engine,  the  greatest  being  caused  by  the  re- 
volution of  the  piston  and  shaft.     The  sliders  are  found 
to  cause  scarcely  any  friction,  lus  they  are  only  moved, 
when  they  are  surrounded  on  every  sfd^by  the  same  me- 
dium; and  as  the  grooves  arc  sufficientlywf«!!>i^^  allow 
them  to  move   without  rubbing  against  their  suJSlW]^^ 
only  resistance  is  caused  by  the  rods  working  throu^rhnl 
i<tuffing  boxes.     The  valves  also  have  the  advantage   ty} 
being  only  in  motion,  when  they  are  surrounded  by  the 
same  medium,  and  consequently  the  wear  and  friction  are 
reduced  considerably  below  that  of  the  slide  of  a  common 
engine,  which  is  only  moved  when  under  a  pressure  of  steam. 
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The  leakage  is  found  to  be  considerably  less  than  the 
leakage  of  all  the  engines  on  this  principle  which  we 
have  hitherto  seen.  'This  superiority  arises  from  the  use 
of  the  compound  packing  in  the  piston,  by  which  a  great 
defect  in  metallic  pistons  has  been  obviated.  This  defect 
was  the  difficulty  of  making  the  metallic  pieces  which 
formed  the  packing,  of  an  equal  thickness,  and  of  bringing 
them  in  sufficiently  close  contact  with  the  plates  which 
enclose  them  :  for  it  will  be  seen,  that  unless  the  whole 
of  the  metallic  packing  were  of  a  uniform  thickness,  it 
would  not,  when  moved  out  of  the  situation  into  which  it 
was  at  first  fitted,  fit  so  closely  to  the  covering  plate,  and 
consequently  a  leakage  would  take  place.  By  the  im- 
proved method,  however,  it  is  not  necessary  that  the  pack* 
ing  should  be  so  carefully  constructed,  because  the  elas- 
ticity of  the  hempen  packing  would  make  up  for  any  little 
irregularity  in  the  metallic  part. 

The  sliders  are ,  found  also  to  be  much  less  liable  to 
leakage  than  the  abutment  of  other  rotary  engines.  This 
advantage' may  be  attributed  to  the  bearing  in  the  grooves 
being  inaccessible  to  the  piston,  or  any  other  part  of  the 
machine,  except  the  sliders  themselves,  and  consequently 
the  fiat  surface  originally  given  to  them,  is  not  liable  to 
be  destroyed  by  wear,  which  is  the  case  with  those  engines 
which  have  leaves  or  flaps,  or  even  where  there  are  sliders 
which  do  not  rest  entirely  in  grooves,  as  in  the  present  in- 
stance. It  is  found  also  that  the^e  sliders  do  not  wear  out 
of  form,  or  become  leaky;  because^  owing  to  their  vertical 
motion  and  the  width  of  the  grooves,  they  can  hardly  be 
said  to  touch  the  sides  of  the  grooves  until  they  are  forced 
against  them  by  the  steam,  which  only  happens  when  they 
are  at  rest. 

Not  the  least  evil  with  which  the  makers  of  rotary  en- 
gines have  had  to  contend,  has  been  the  rapid  destruction 
of  those  parts  which  have  struck  each  other.  Now  this  is 
a  fault  that  has  invariably  existed  in  all  the  engines  with 
weaves  or  sliders*  It  is  however  here  completely  obviated 
by  the  mode  of  bringing  the  sliders  to  rest;  for.  instead  of 
allowing  them   to  strike  the   central  plate,   a  cavity  is 
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formed  therein  at  the  part  where  the  slider  would,  but  for 
that  cavity,  have  come  in  contact  with  it.  The  slider 
therefore  can  neither  touch  the  bottom  of  the  grooves  in 
the  bosses,  nor  yet  the  central  p)ate;  the  external  cam- 
work  preventing  it  from  reaching  so  far  into  the  cylinder. 
The  edge  of  the  plate  and  the  slider  are  brought  into  con- 
tact by  the  circular  part  of  the  former  gradually  iatro- 
ducing  itself  like  a  wedge  under  the  slider  after  it  is  at 
rest,  and  conse4|uently  a  stroke  is  avoided. 

We  regret  to  state,  that  notwithstanding  the  advaar 
tages  which  this  engine  was.  expected  to  possess,  it  has 
hitherto  proved  an  unfortunate  speculation.     An  engine 
of  twelve  horse  power  was  constructed,  for  the  purppse 
cf  working  a  steam  boat  on  the  river  Tyne,  which^  while 
it  was  in  operation,   promised   to  answer  all  the   pur- 
poses anticipated  from  it.      That  engine  has  been  since 
taken  out  of  the  boat,  and  aa   engine  on  the  recipro- 
cating  principle    substituted    for    it.      This    was    done 
whilst  the  inventor   was  in  Liondon,  and  he   has  every 
reason  to  believe  that  unfair  means  were  adopted    by 
interested  parties  to  procure  its  removal.      True  it  is, 
that  almost  every  unfortunate  patentee  tells  his  story  of 
having  been  injured  by  malicious  workmien,  fiekle  partners, 
or  exhausted  means ;    and  it  is  equally  true,  that  many 
instances  have  occurred  in  which  meritopious  inventif^ns" 
have  failed  fi'om  those  causes.  We  however^  have  to  state, 
that  one  part  of  this  failure  was  attfibu4ftble  to  imperfect 
workmanship,  which,  by  breakage,  occasiaaed  a  number  of 
unpleasant  and  tedious  delays,  and  another  |^art  to  a  mis- 
fortune which  all  experimentalists  should  avoid  ;  namelf, 
that  the  engine  was  put  into  a  boat  belonging  to  a  party 
who  had  no  interest  in  the  success  of  the  machine.  The  con- 
sequence of  this  arrangeinent  was,  tbat  t]^  delay  and 
alterations  which  were  necessArily  attendant  on  a  new  in* 
rention,  were  to  him  a  subject  of  serious  disappointment; 
and  therefore  there  is  strong  moral  evidence  to  suppose 
that  means  were  used  of  an  unfair  description,  io  obtaii 
the  removal  of  the  engine.  One  unfortunate  circumstance 
was,  that  the  proprietor  of  the  boat  used  various  nieam 
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tD  harass  the  engineman  (who  waa  placed  there  at  the  re*' 
quest  of  the  intentor),  and  eubsequently  induced  him  to 
abandon  his  charge.  A  person  was  then  substituted  for 
him,  who  was  not  only  unacquainted  with  the  principle  of 
this  engine,  but  who  was  also  perfectly  inexperienced  in 
the  management  of  any  engine  whatever ;  the  result  was, 
that  for  want  of  oiling  and  cleaning  the  joints,  the  exte* 
rior  apparatus  was  in  a  short  time  ao  seriously  injured, 
as  to  furnish  a  pretext  fof  the  removal  of  the  engine  from 
the  boat. 

Notwithstanding  this  misfortune,  the  inventor  is  firmly 
convinced  of  the  superiority  of  his  rotary  engine  for  cer* 
tain  purposes,  over  the  reciprocating  principle ;  and  in  con« 
firroation  of  this  he  has  to  state  the  fact  that  the  piston, 
sliders  and  valves,  were  not  in  any  degree  injured,  either 
by  the  fair  working  of  the  engine,  or  by  the  neglect  and 
improper  usage  to  which  they  were  subjected.  The  whole 
of  the  defects  lay  in  the  exterior  machinery,  and  princi- 
pally in  the  workmanship  of  the  condensing  apparatus, 
which  it  is  admitted  was  not  of  sufficient  strength  for 
the  purpose. 

V 


SECOND  SECTION. 

ON  STEAM  NAVIGATION. 

The  idea  of  propelling  vessels  by  thB  steam  engine 
appears  to  have  been  entertained  as  soon  as  that  machine 
had  its  existence.  Savory,  in  his  Miner's  Friend,  men- 
tioned the  possibility  of  propelling  vessels  by  steam,  but 
never  attempted  to  carry  his  project  into  effect.  After 
the  introduction  of  Newcomen^s  engine,  various  attempts 
were  made  to  obtain  a  revolving  motion,  by  which  the 
engine  might  be  applied  to  machinery  in  general.  These 
chiefly  failed  from  defective  mechanism.  Among  such 
attempts  we  find  the  infention  o^Mr.  Jonathan  Hulls,  of 
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Liondon,  who,  in  17S6,  took  out  a  patent  for  the  appliea* 
tion  of  the  crank  to  the  steam  engine,  by  which  addition 
he  purposed  ^^to  carry  vessels  or  ships  out  of  or  into  a 
harbour^  port,  or  river,  against  wind  or  tide,  or  in  a  calm." 

We  need  not  say  that  this  project  was  never  carried  into 
execution.  The  application  of  the  crank  to  the  single 
acting  engine  has  always  been  found  a  matter  of  great 
difficulty,  because  as  the  ascending  stroke  has  to  be 
effected  by  a  counter- balance,  an  immense  fly-wheel  i& 
necessary  to  produce  anything  like  regularity,  and  it 
would  be  absolutely  impossible  to  use  such  a  fly  wheel  in  a 
boat.  In  consequence  of  the  want  of  proper  machinery^ 
Hull's  idea  fell  to  the  ground,  and  indeed  was  so  com* 
pletely  forgotten,  that  Mr.  Watt  actually  took  out  a  patent 
for  the  application  of  the  crank  to  the  steam  engine. 

The  perfection  to  which  the  revolving  machinery  was 
brought  by  Mr.  Watt,  and  others,  opened  the  way  to  the 
ready  application  of  steam  for  the  purposes  of  navigation, 
and  sundry  trials  were  made  in  various  parts,  but  more 
particularly  in  Scotland,  to  ascertain  the  practicability  of 
the  project.  Of  these  trials,  little  or  no  record  remains  ;  the 
earliest  successful  one  appears  to  have  been  made  on  the 
Forth  and  Clyde  Inland  Navigation,  in  the  year  1801,  by 
Mr.  Symington ;  but  this  steam  boat,  although  it  fully 
served  to  solve  the  problem,  was  unfortunately  laid  aside 
on  account  of  the  injury  sustained  by  the  banks  of  the 
Canal,  in  consequence  of  the  waves  which  were  raised  by 
the  stroke  of  the  paddles.  , 

It  appears  by  the  statement  of  the  ingenious  Mr. 
Oliver  Evans,  of  America,  whose  engine  is  described  at 
page  141,  that,so  early  as  1785,  he  had  published  a  descrip* 
tion  of  a  mode  of  driving  boats  by  steam. 

Untoward  circumstances  prevented  Mr.  Evans  from 
carrying  his  plan  into  effect,  until  1804;  but  be  does,  in 
x)ur  opinion,  fully  establish  his  claim  to  the  first  contri* 
vance  of  a  practicable  steam  boat.  We  shall  insert  Mr,. 
Evanses  own  account  of  the  commencement  and  progress 
of  his  ideas  und  experiments,  as  we  consider  them  suffi- 
ciently important  to  merit  every  publicity. 
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*' About  the  year  1772,  being  then  apprenticed  to  a 
wheelwright,  I  laboured  to  discover  some  means  of  pro« 
pelling  land  carnages,  without  employing  animal  power. 
All  the  modes  that  have  since  been  tried,  (so  far  as  I  have 
heard  of  them,)  such  as  the  wind,  treadles  with  ratchet 
wheels,  cranks,  &c.  to  be  worked  by  men,  presented  them* 
selves  to  my  mind ;  but  were  considered  as  too  futile  to 
deserve  an  experiment :  and  I  concluded  that  such  motion 
was  impossible,  for  want  of  a  suitable  original  power. 

^^  But  one  of  my  brothers  informing  me,  on  a  Christmas 
evening,  that  he  had  that  day  been  in  company  with  a 
neighbouring  black  smith's  boy,  who,  for  amusement,  had 
stopped  up  the  touch-hole  of  a  gun-barrel,  then  put  into 
it  about  a  gill  of  water,  and  rammed  down  a  tight  wad- 
ding; after  which  they  put  the  breech-end  of  it  into  the 
smith's  fire,  when  it  discharged  itself  with  as  loud  a 
crack  as  if  it  had  been  loaded  with  gunpowder.  It  im- 
mediately occurred  to  me  that  there  was  a  power  capable 
of  propelling  any  waggon,  provided  that  I  could  ap« 
ply  it ;  and  I  set  myself  to  work  to  find  out  the  means 
of  doing  so.  I  laboured  for  some  time  without  success ;  at 
length,  a  book  fell  into  my  hands,  describing  the  old  at- 
mospheric engine.  I  was  astonished  to  observe  that  they 
had  so  far  erred  as  to  use  the  steam  only  to  form  a  vacuum, 
to  apply  the  mere  pressure  of  the  atmosphere,  instead  of 
applying  the  elastic  power  of  the  steam,  for  original  mo- 
tion ;  a  power  which  1  supposed  was  irresistible.  I  re« 
newed  my  studies  with  increased  ardour,  and  soon  declared 
that  I  could  make  steam  waggons,  and  endeavoured  to 
communicate  my  ideas  to  others  ;  but,  however  practica- 
ble the  thing  appeared  to  me,  my  object  only  excited  the 
ridicule  of  those  to  whom  it  was  known.  But  I  persevered 
in  my  belief,  and  confirmed  it  by  experiments  that  satis- 
fied me  of  its  reality. 

^^  In  the  year  1786,  I  petitioned  the  legislature  of  Penn* 
sylvania,  for  the  exclusive  right  to  use  my  improvements 
b  flour-mills,  as  also  steam  waggons,  in  that  state.  The 
committee,  to  whom  the  petition  was  referred,  heard  me 
very  patiently,  while  I  described  the  mill  improvements  | 
13.  2  Q 
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bat  iny  representations  concerning  steam  wag^gons  made 
them  think  me  insane.  They,  however,  reported  favour- 
ably  respecting  my  improvements  in  the  manufacture  of 
flour;  and  passed  an  Act,  granting  me  the  exclusive  use  of 
them,  as  prayed  for.  This  was  in  March,  1787,  but  no 
notice  is  taken  of  the  steam  waggons. 

^^  A  similar  petition  was  also  presented  to  the  legisla- 
ture of  Maryland.  Mr.  Jesse  Hollingsworth,  from  Bal- 
timore, was  one  of  the  committee  appointed  to  hear  me, 
and  report  on  the  case.  I  candidly  informed  thb  committee 
of  the  fate  of  my  application  to  the  legislature  of  Penn- 
sylvania, respecting  the  steam  waggons,  declaring  at  the 
same  time,  without  the  encouragement  prayed  for  being 
granted  to  me,  that  I  would  never  attempt  to  make  them  ; 
but  that,  if  they  would  secure  to  me  the  right,  as  requested, 
I  would,  as  soon  as  I  could,  apply  the  principle  to  practice : 
and  I  explained  to  them  the  great  elastic  power  of  steam, 
as  well  as  my  mode  of  applying  it  to  propel  waggons.  Mr* 
Hollingsworth  very  prudently  observed,  that  the  grant 
could  injure  uo  one;  for  he  did  not  think  that  any 
man  in  the  world  had  thought  of  such  a  thing  before  ;  he 
therefore  wished  the  encouragement  might  be  afforded,  as 
there  was  a  prospect  that  it  would  produce  something 
useful.  This  kind  of  argument  had  the  desired  effect ; 
and  a  favourable  report  was  made,  May  21st,  1787,  granting 
to  me,  my  heirs,  and  assigns,  for  14  years,  the  exclusive 
right  to  make  and  use  my  improvements  in  flour  mills,  and 
the  steam  waggons,  in  that  State.  From  that  period  I 
have  felt  myself  bound  in  honour  to  the  State  of  Mary- 
land, to  produce  a  steam  waggon  as  soon  as  I  could  con- 
veniently do  it. 

^'  In  the  year  1789,  I  paid  a  visit  to  Benjamin  Chandler 
and  Sons,  clock-makers,  men  celebrated  for  their  inge-» 
nuity,  with  a  view  to  induce  them  to  join  me  in  the  ex- 
pense and  proflts  of  the  project ;  I  showed  to  them  my 
drawings,  with  the  plan  cf  the  engine,  and  explained  the 
expansive  power  of  steam  ;  all  of  which  they  appeared 
to  understand  ;  but,  fearful  of  the  expense  and  difficulties 
attending  it,  declined  the  concern*    However,  they  certi* 
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fied  that  I  had  shown  them  the  drawings,  and  explained 
the  powers  of  high-pressure  steam^  &c. 

^'  In  the  same  year  I  went  to  EUicott's  mills,  on  the 
Patapses,  near  Baltimore,  for  the  purpose  of  endeavour- 
ing to  persuade  Messrs.  Jonathan  Ellicott  and  Brothers, 
and  their  connexions,  (who  were  equally  famous  for 
their  ingenuity,)  to  join  me  in  the  expense  and  profits  of 
making  and  using  steam  waggons.  I  also  showed  them  my 
drawings,  and  minutely  explained  to  them  the  powers  of 
steam;  they  appeared  fully  to  comprehend  all  I  said ;  and, 
in  return,  informed  me  of  some  experiments  they  them- 
selves had  made;  one  of  which  they  showed  me.  They 
placed  a  gun-barrel,  having  a  hollow  arm,  and  a  small 
hole  on  one  side,  at  the  end  of  the  arm,  similar  to  Barker^s 
rotary  tube  mill:  a  little  water  being  put  into  this  barrel, 
and  fire  applied  to  the  breech  of  it,  the  steam  issued  from 
the  hole  in  the  end  of  the  arm  with  such  force,  as,  by  re- 
action, to  cause  the  machine  to  revolve,  as  I  judged,  about 
one  thousand  times  in  a  minute,  for  the  space  of  about 
five  minutes,  and  with  a  considerable  force  for  so  small  a 
machine.  I  tarried  here  a  few  days,  (May  10th  and  11th, 
1789,)  using  my  best  efforts  to  convince  them  of  the  possi- 
bility and  practicability  of  propelling  waggons,  on  good 
turnpike  roads,  by  the  elastic  power  of  steam.  But  they 
also  feared  the  expense  and  difficulty  of  the  execution, 
and  declined  the  proposition.  Yet  they  highly  esteemed 
my  improvements  in  the  manufacture  of  flour,  and 
adopted  them  in  their  mills,  as  well  as  recommended  them 
to  others. 

^^  In  the  same  year  I  communicated  my  project,  and  ex- 
plained my  principles,  to  Levi  HoUingsworth,  Esq.  now  a 
merchant  in  Baltimore.  He  appeared  to  understand  them ; 
but  also  declined  a  partnership  in  the  scheme,  for  the  same 
reasons  as  the  former  persons. 

^^  From  the  time  of  my  discovering  the  principles,  and 
the  means  of  applying  them  to  use,  I  often  endeavoured 
to  communicate  them  to  those  1  believed  might  be  in* 
terested  in  their  application  to  waggons  or  boats;  but 
very  few  could  understand  my  explanations,  and  I  could 
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find  no  one  willing  to  rUk  the  expense  of  the  expert* 
ment. 

<<  In  the  year  1785,  or  1786,  before  I  had  petitioned  the 
legislature,  I  fell  into  company  with  Mr.  Samuel  Jack- 
son, of  Redstone ;  and  learning  of  him  that  he  resided  on 
the  Western  Waters,  I  endeavoured  to  impress  upon  his 
mind  the  great  utility  and'  high  importance  of  steam 
boats  to  be  impelled  on  those  waters;  telling  him  that  I 
had  discovered  a  steam  engine  so  powerful,  according  to 
its  weight,  that  it  would,  by  means  of  paddle-wheels 
(which  I  described  to  him),  readily  drive  a  vessel  against 
the  current  of  those  waters,  with  so  great  a  speed  as  to  be 
highly  beneficial.  Mr.  Jackson  proves  that  he  understood 
roe  well ;  for  he  has  lately  written  letters,  declaring  that, 
about  twenty-six  years  before  their  date,  I  described  to 
him  the  principles  of  the  steam  engine,  which  I  have  since 
put  into  operation  to  drive  mills,  which  he  has  seen;  and 
that  I  also  explained  to  him  my  plan  for  propelling  boats 
by  my  steam  engine  with  paddle-wheels^  describing  the 
very  kind  of  wheels  now  used  for  this  purpose;  and  that 
I  then  declared  to  him  my  intention  to  apply  my  engine 
to  this  particular  object^  as  soon  as  my  pecuniary  circum" 
stances  would  permit. 

^'  In  the  year  1800,  or  1801,  never  having  found  a  per- 
son willing  to  contribute  to  the  expense,  or  even  to  encou- 
rage me  to  risk  it  myself,  it  occurred  to  me  that,  although 
1  was  then  in  full  health,  1  might  be  suddenly  carried  off 
by  the  yellow  fever,  that  had  so  often  visited  our  city 
(Philadelphia),  or  by  some  other  disease  or  casualty,  to 
\%'hich  ail  are  liable;  and  that  I  had  not  yet  discharged 
my  debt  of  honour  to  the  state  of  Maryland,  by  producing 
the  steam  waggons ;  I  determined,  therefore,  to  set  to  work 
the  next  day,  to  construct  one.  I  first  waited  upon  Robert 
Patterson,  Esq.  professor  of  mathematics  in  the  university 
of  Pennsylvania,  and  explained  to  him  my  principles,  as  I 
also  did  to  Mr.  Charles  Taylor,  steam  engineer,  from  Eng- 
land. They  both  declared  these  principles  to  be  new  to 
them,  and  highly  worthy  of  a  fair  experiment;  advising 
roe  without  delay  to  prove  them,  in  hopes  that  I  might 
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produce  a  more  simple,  cheap,  and  powerful  steam  engiue, 
than  any  in  use.  These  gentlemen  were  the  only  persons 
who  had  such  confidence,  or  afforded  me  such  advice.  1 
also  communicated  my  plans  to  B.  H.  Latrobe,  Esq.  at 
the  same  time,  who  publicly  pronounced  them  chimerical, 
and  attempted  to  demonstrate  the  absurdity  of  my  prin- 
ciples,  in  his  Report  to  the  Philosophical  Society  ot 
Pennsylvania,  on  steam  engines ;  in  which  report  he  also 
attempts  to  shew  the  impossibility  of  making  steam  boats 
useful,  on  account  of  the  weight  of  the  engine,  and  I  was 
one  of  the  persons  alluded  to  as  being  seized  with  the 
steam  mania,  in  conceiving  that  waggons  and  boats  could 
be  propelled  by  steam  engines.  The  liberality  of  the 
members  of  the  society  caused  them  to  reject  that  part  of 
his  report  which  he  designed  to  be  demonstrative  of  the 
absurdity  of  my  principles ;  saying,  they  had  no  right  to 
set  up  their  opinions  as  a  stumbling-block  in  the  road  of 
any  exertions  to  make  a  discovery.  They  said  I  might 
produce  something  useful,  and  ordered  it  tb  be  struck  out. 
What  a  pity  they  did  not  also  reject  his  demonstrations 
respecting  steam  boats  !  for,  notwithstanding  them,  they 
have  run,  are  now  running,  and  will  run  ;  so  has  my  en- 
gine and  all  its  principles  succeeded ;  and  so  will  land- 
carriages,  as  soon  as  these  principles  are  applied  to  them. 

^^  In  consequence  of  the  determination  above  alluded 
to,  I  hired  workmen  and  went  to  work  to  make  a  steam 
waggon,  and  had  made  considerable  progress  in  the  un- 
dertaking, when  the  thought  struck  me,  that,  as  my  steam 
engine  was  entirely  different  in  form,  as  well  as  in  its 
principles,  from  all  others  in  use,  I  could  obtain  a  patent 
for  it  and  apply  it  to  mills,  more  profitably  than  to  wag- 
gons ;  for,  until  now,  I  apprehended  that,  as  steam  mills 
had  been  used  in  England,  I  could  only  obtain  a  patent 
for  waggons  and  boats.  I  stopped  the  work  immediately, 
and  discharged  my  hands,  until  I  could  arrange  my  engine 
for  mills  ;  having  laid  aside  the  steam  waggon  for  a  time 
of  more  leisure. 

*'  Two  weeks  afterwards  I  commenced  the  construction 
of  a  small  engine,  for  a  mill  to  grind  plaster  of 
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The  cylinder  six  inches  in  diameter^  and  the  stroke  of  the 
piston  eighteen  inches,  believing  that,  with  one  thousand 
dollars,  I  could  fully  try  the  experiment.  But,  before  I 
had  done  with  experiments,  I  found  that  I  had  expended 
three  thousand  seven  hundred  dollars*— all  that  I  could 
command  !  I  had  now  to  begin  the  world  anew,  at  the  age 
of  forty-eight,  with  a  large  family  to  support.  I  had  cal- 
culated that  if  I  failed  in  my  experiment,  the  credit  I  had 
acquired  would  be  entirely  lost,  and,  without  money  or 
credit,  at  my  advanced  age,  with  many  heavy  incum- 
brances, my  way  through  life  appeared  dark  and  gloomy 
indeed !  But  I  succeeded  perfectly  with  my  little  engine, 
and  preserved  my  credit.  I  could  break  and  grind  900 
bushels  of  plaster  of  Paris,  or  12  tons,  in  twenty-four 
hours;  and  to  show  its  operation  more  fully  to  the  public, 
I  applied  it  to  saw  stone,  in  Market-street,  where  the 
driving  of  twelve  saws  in  heavy  frames,  sawing  at  the  rate 
of  100  ft.  of  marble  in  twelve  hours,  made  a  great  show, 
and  excited  much  attention.  1  thought  this  was  suflBcient 
to  convince  the  thousands  of  spectators  of  the  utility  of 
my  discovery  ;  but  I  frequently  heard  them  inquire  if  the 
power  could  be  applied  to  saw  timber,  as  well  as  stone,  to 
grind  grain,  propel  boats,  &c.  ;  and  though  I  answered  in 
the  affirmative,  I  found  they  still  doubted.  I  therefore 
determined  to  apply  my  engine  to  many  new  uses,  and  to 
introduce  it  and  them  to  the  public  notice. 

^^  This  experiment  completely  tested  the  correctness 
of  my  principles,  agreeably  to  my  most  sanguine  hopes. 
The  power  of  my  engine  increased  in  a  geometrical  pro- 
portion, while  the  consumption  of  fuel  had  only  an  arith- 
metical ratio ;  and  in  such  proportion  that  every  time  I 
added  one  fourth  to  the  consumption  of  fuel,  the  power 
of  the  engine  was  double;  and  that  twice  the  quantity  of 
fuel  required  to  drive  one  saw,  would  drive  sixteen  saws 
at  least ;  for,  when  I  drove  two  saws,  the  consumption 
was  eight  bushels  of  pit  coal  in  twelve  hours;  but  when 
twelve  saws  were  driven,  the  consumption  was  not 
more  than  ten  bushels ;  so  that  the  more  we  resist  the 
steam,  the  greater  is  the  effect  of  the  engine.    On  these 
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principles  very  light  but  powerful  engines  can  be  made, 
suitable  for  propelling  boats  and  land  carnages,  without 
the  great  incumbrance  of  their  own  weight,  as  mentioned 
m  Mfi.  Latrobe's  demonstrations.  In  the  year  1804,  I 
constructed  at  my  works,  situated  a  mile  and  a  half  from 
the  water,  by  order  of  the  Board  of  Health  of  the  city  of 
Philadelphia,  a  machine  for  cleansing  docks.  It  con- 
sisted of  a  large  flat  or  lighter,  with  a  steam  engine  of  the 
power  of  five  horses  on  board,  to  work  machinery  to  raise 
the  mud  into  lighters.  This  was  a  fine  opportunity  to 
show  the  public  that  my  engine  could  propel  both  land 
and  water-carriages,  and  I  resolved  to  do  it.  When  the 
work  was  finished,  I  put  wheels  under  it,  and  though  it 
was  equal  in  weight  to  two  hundred  barrels  of  flour,  and 
the  wheels  were  fixed  on  wooden  axle-trees  -for  this  tem- 
porary purpose  in  a  very  rough  manner,  and  attended 
with  great  friction,  of  course,  yet  with  this  small  engine, 
I  transported  my  great  burthen  to  the  Schuylkill  with 
ease ;  and  when  it  was  launched  into  the  water,  I  fixed  a 
paddle  wheel  at  the  stern,  and  drove  it'down  the  Schuyl** 
kill  to  the  Delaware,  and  up  the  Delaware  to  the  city  ; 
leaving  all  the  vessels  going  up  behind  me,  at  lea»t  half 
way,  the  wind  being  a^head. 

^^  Some  wise  men  undertook  to  ridicule  my  experiment 
of  propelling  this  great  weight  on  land,  because  the  mo- 
tion was  too  slow  to  be  useful.  I  silenced  them- by  answer-* 
ing,  that- 1 'would  make  a  carriage  to  be  propelled  by 
steam,  fofr  tt  bet  of  three  hundred  dollars,  to  run  upon  a 
level  road  against  the  swiftest  horse  they  could  produce. 
I  was  then  as  confident  as  I  am  now,  that  such  a  velocity 
could  be  given  to  carriages. ' 

'^  Having  no  doubt  of  the  great  utility  of  steam  car- 
riages on  turnpike  roads,  with  proper  arrangements  for 
supplying  them  with  water  and  fuel ;  and  believing  that 
all  turnpike  companies  were  deeply  interested  in  carrying 
them  into  operation,  because  they  would  smooth  and  mend 
the  roads  instead  of  injuring  them,  as  the  narrow  wheels 
do ;  on  the  26th  of  September,  1804,  I  submitted  to  the 
consideration   of  the    Lancaster  Turnpike  Company,  a 
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statement  of  the  cost  and  profits  of  a  steam  carriage,  to 
carry  one  hundred  barrels  of  flour,  fifty  miles  in  twenty- 
four  hours ;  tending  to  show,  that  one  such  steam  carriage 
would  make  more  net  profits  than  ten  waggons  drawn  by 
five  horses  each,  on  a  good  turnpike  road ;  and  offering 
to  build  such  a  carriage  at  a  very  low  price.  My  address 
closed  as  follows : — 

^^  ^It  is  too  much  for  an  individual  to  put  in  operation 
^  every  improvement  which  he  may  invent.  I  have  no 
*  doubt  but  that  my  engines  will  propel  boats  against  the 
<  current  of  the  Mississippi,  and  carriages  on  turnpike  roads 
^  with  great  profit ;  I  now  call  upon  those  whose  interest 
^  it  is  to  carry  this  invention  into  effect.'  In  the  year  1806, 
I  published  a  work  describing  the  principles  of  my  steam 
engine,  with  directions  for  working  it,  when  applied  to 
propel  boats  against  the  current  of  the  Mississippi  and 
carriages  on  turnpike  roads.  And  I  am  still  willing  to 
make  a  steam  carriage  that  will  run  fifteen  miles  an  hour 
on  good  level  railways,  on  condition  that  I  have  double 
price  if  it  shall  run  with  that  velocity ;  and  nothing  at 
all  for  it,  if  it  shall  not  come  up  to  that  speed.  What  can 
an  inventor  do  more,  than  to  insure  the  performance  of 
his  inventions  ?  or  1  will  make  the  engine  and  apparatus 
at  a  fair  price,  and  warrant  its  utility  for  the  purpose  of 
conveying  heavy  burthens  on  good  turnpike  roads.  I  feel 
it  just  to  declare,  that  with  Mr.  Latrobe  I  myself  believed, 
that  with  the  ponderous  and  feeble  steam  engine  now  used 
in  bo^ts,  they  never  could  be  made  useful  in  competition 
with  sailing  boats,  or  to  ascend  the  Mississippi ;  believing 
the  current  of  that  river  to  be  more  powerful  than  it  is* 
But  I  rejoice,  that  with  him  I  have  been  mistaken ;  for  I 
have  lived  to  see  boats  succeed  well  with  those  engines, 
and  I  still  hope  to  see  them  so  completely  excelled  and 
out-ran  by  using  my  engine,  as  to  induce  the  proprietors 
to  exchange  the  old  for  the  new,  more  cheap,  and  powerful 
engines. 

^^  I  have  been  highly  delighted  in  reading  a  correspond- 
ence between-  John  Stevens,  Esq*  and  the  commissioners 
appointed  by  the  legislature  of  New  York,  for  fixing  upon 
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the  site  of  the  new  canal,  proposed  to  be  cut  in  that  State. 
Mr.  Stevens  has  taken  a  most  comprehensive  and  very  inge- 
nious view  of  this  important  subject;  and  his  plan  of  rail- 
ways for  the  carriages  to  run  upon,  removes  all  the  diffi- 
culties that  remain  to  be  overcome.  I  had  the  pleasure 
also  of  hearing  gentlemen  of  the  keenest  penetration  and 
of  great  mechanical  and  philosophical  talents,  freely  give 
into  the  belief,  that  steam  carriages  will  become  very 
useful. 

^^Mr.  John  EUicot  (of  John),  proposed  to  make  roads 
of  substances,  such  as  the  best  turnpike  roads  are  made 
with,  with  a  path  for  each  wheel  to  run  on,  and  having  a 
railway  on  posts  in  the  middle  to  guide  the  tongue  of  the 
waggon,  and  to  prevent  any  other  carriage  from  travell- 
ing upon  it.  Then,  if  the  wheels  were  made  broad  and 
the  paths  smooth,  there  would  be  very  little  wear ;  such 
roads  might  be  cheaply  made,  they  would  last  a  longtime, 
and  require  very  little  repair ;  and  they  ought  to  be  pre- 
ferred in  the  first  instance  to  those  proposed  by  Mr. 
Stevens ;  as  two  ways  could  be  made  in  some  parts  of  the 
country,  for  the  same  expense  as  one  could  be  made  with 
wooden  rails  ;  but  either  of  the  modes  would  answer  the 
purpose,  and  the  carriages  might  travel  by  night  as  well 
na  by  day.  When  we  reflect  upon  the  obstinate  oppo- 
sition that  has  constantly  been  made  by  a  great  majority, 
to  every  step  to  improvement,  from  bad  roads  to  turnpike 
roads,  from  turnpike  roads  to  canals,  and  from  canals  to 
railways  for  horse  carriages ;  it  is  too  much  to  expect, 
that  the  prodigious  leap  from  bad  roads  to  railways  for 
steam  carriages,  will  be  made  at  once  ;  one  step  in  a  ge« 
neration  is  all  that  we  can  hope  for.  If  the  present  gene- 
ration shall  adopt  canals,  the  next  may  try  the  railways 
with  horses,  and  the  third  generation  may  use  the  steam 
carriages. 

^^  But  why  may  not  the  present  generation,  who  have 
already  good  turnpike  n^dds,  make  the  experiment  of 
using  steam  carriages  upon  them  ?  They  will,  assuredly, 
effect  the  movement  of  heavy  burdens,  with  a  slow  motion 
of  two  and  a  half  miles  an  hour;  and,  as  their  progress 
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need  not  be  interrupted,  they  may  travel  fifty  or  sixty 
miles  in  the  twenty-four  hours.  This  is  all  that  1  hope  to 
see  in  my  time  ;  and  though  I  never  expect  to  be  concerned 
in  any  business,  requiring  the  regular  transportation  of 
heavy  burdens  on  land ;  because,  if  I  am  connected  in  the 
affairs  of  a  mill,  it  shall  be  driven  by  steam^  and  be  placed 
on  some  navigable  water,  to  save  land  carriage;  yet  I 
certainly  intend,  as  soon  as  I  can  make  it  convenient,  to 
build  a  steam  carriage,  that  will  run  on  good  turnpike 
roads,  on  my  own  account,  if  no  other  person  will  engage 
in  it ;  and  I  verily  believe  that  the  time  will  come  when 
carriages,  propelled  by  steam,  will  be  in  general  use,  as 
well  for  the  transportation  of  passengers  as  goods; 
travelling  at  the  rate  of  15  miles  an  hour,  or  300  miles  a 
day! 

^^  It  appears  necessary  to  give  the  reader  some  idea  of  the 
principles  of  the  steam  engine  which  is  to  produce  such 
new  and  singular  effects ;  and  this  I  will  endeavour  to  do 
in  as  few  words  as  I  can,  by  showing  the  extent  to  which 
the  principles  are  already  applied. 

^^  To  make  steam  as  irresistible  or  powerful  as  gunpow- 
der, we  have  only  to  confine  it,  and  to  increase  the  heut 
by  adding  fuel  to  the  boiler.  A  steam  engine,  with  a 
working  cylinder,  only  nine  inches  in  diameter,  and  the 
stroke  of  the  piston  three  feet,  will  exert  a  power  suffi- 
cient to  lift  from  3000  to  10,000  lbs.  perpendicularly,  two 
and  a  half  miles  per  hour.  This  power,  applied  to  pi'opel 
a  carriage  on  level  roads  or  railways,  would  drive  a  very 
great  weight  with  much  velocity,  before  the  friction  upon 
the  axletrees,  or  the  resistance  of  the  atmosphere  would 
balance  it. 

^^This  is  not  speculative  theory.  The  principles  are 
now  in  practice,  driving  a  saw-mill,  at  Manchacks,  on  the 
Mississippi;  two  at  Natchez,  one  of  >r^ich  is  capable  of 
sawing  5000  feet  of  boards  in  twelve  hours;  a  mill  at 
Pittsburgh,  able  to  grind  twenty  bushels  of  grain  per  hour ; 
one  at  Marrietta,  of  equal  power ;  one  at  Liexington, 
(Kentucky,)  of  the  same  power ;  one  a  paper-mill,  of  the 
same  power;  one,  of  one  fourth  the  power,  at  Pittsburgh  ; 
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one  at  the  same  place,  of  three  and  a  half  times  the  power, 
for  a  forge,  and  for  rolling  and  slitting  iron ;  one  of  the 
power  of  24  horses,  at  Middletown,  (Connecticut,)  driving 
the  machinery  of  a  cloth  manufactory ;  two  at  Philadelphia, 
of  the  power  of  five  or  six  horses;  and  many  making  for 
different  purposes ;  the  principles  applying  to  all  cases 
where  power  is  wanted  to  drive  machinery." 

No  experiment  of  importance  after  Mr.  Symington's,  in 
1801,  or  Mr.  Evanses,  in  1801,  appears  to  have  been  tried 
either  in  Great  Britain,  or  America,  until  the  celebrated 
American  Engineer,  Mr.  Robert  Fulton,  constructed  a 
steam  boat,  which  was  launched  at  New  York,  on  Octo- 
ber 3d,  1807,  and  began  to  ply  between  New  York  and 
Albany,  a  distance  of  144  miles.  In  1812,  a  boat  called  the 
Comet,  was  tried  on  the  Clyde.  Shortly  afterwards,  Mr. 
Theodore  Lawrence,  of  Bristol,  constructed  a  steam  boat, 
which  he  tried  on  the  Avon,  and  finding  it  successful,  pro- 
ceeded with  her  through  the  canals,  to  the  Thames;  but,  in 
consequence  of  some  of  the  bye-laws  of  the  Watermen*8 
Company,  he  was  prevented  from  using  her  profitably,  and 
under  the  necessity  of  returning  her  to  the  Avon.  After 
this,  steam  boats  were  tried  on  various  rivers,  both  in  Eng- 
land and  Scotland,  with  different  success.  These  were 
generally,  as  may  be  naturally  concluded,  of  a  very  imper- 
fect construction.  The  speculation  being  then  extremely 
hazardous,  old  boats,  and  in  some  cases  old  engines,  were 
adopted.  The  consequence  of  which  was,  the  first  experi- 
ments just  so  far  proved  the  advantage  of  steam  naviga- 
tion, as  to  warrant  other  parties  to  construct  superior  ves- 
sels and  engines,  and  thereby  reap  the  profit. 

The  construction  of  the  engines  resembled  each  other  ' 
pretty  nearly,  in  the  last  experiments  ;  they  being  generally 
beam  engines,  the  beam  working  above  the  deck,  and  hav- 
ing an  erection  for  the  purpose  of  povering  the  machinery, 
which  was  of  necessity  above  the  level  of  the  deck.  The 
main  difference  appears  to  have  been  in  the  mode  of  ap- 
plying the  force  of  the  engine  on  the  water.  The  common 
oar,  although  the  best  application  of  power,  where  it  can 
be  instantly  removed  when  necessary,  could  not,  from  the 
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great  breadth  which  it  would  occupy,  be  used  in  a  steam 
vessel.  For  this  reason  we  find  that  a  variety  of  plansi 
have  been  published  for  effecting  this  object.  One  method 
was  by  a  species  of  folding  oar,  which  opened  outward^ 
when  it  was  moved  towards  the  stern,  but  which  folded 
into  a  smaller  space  by  the  reversed  motion ;  also  by  a 
species  of  screw,  which  being  entirely  immersed  in  water, 
raised  the  water  and  discharged  it  behind  the  stern.  These, 
and  a  variety  of  other  plans,  however,  were  all  found  infe- 
rior to  the  common  paddle  wheel,  which  (on  account  of 
the  simple  mode  by  which  it  may  be  attached  to  the  machi- 
nery, as  well  as  its  combining  strength  and  compactness,) 
is  now  universally  preferred  for  giving  motion  to  steam 
vessels.  A  variety  of  modifications  have  been  tried,  by 
which  the  loss  arising  from  the  back  water  (that  is,  the 
water  which  is  lifted  as  the  paddles  rise,)  could  be  avoided. 
We  shall  offer  no  apology  for  inserting  some  of  the  me- 
thods by  which  this  difficulty  has  been  proposed  to  be  re- 
medied. A  trial  was  made  in  America,  of  a  species  of 
screw,  which  was  placed  at  the  head  or  stern  of  the  vessel, 
and  completely  immersed  in  water,  the  spindle  extending 
in  the  line  of  the  vessel ;  this  was,  after  a  considerable  trial, 
laid  aside  ;  but  the  reasons  of  its  failure  we  cannot  ascer- 
tain. It  appears  probable,  that  if  the  screw  were  constructed 
with  only  one  revolution,  that  it  might  be  applied  in  small 
boats  with  advantage.  Various  attempts  have  likewise 
been  made  to  give  motion  to  the  boat  by  means  of  paddles 
attached  to  chains,  which  pass  over  two  drums  placed  od 
the  sides  of  a  vessel,  as  represented  in  the  drawing,  by  which 
it  was  expected,  that  the  effect  would  be  considerably  in- 
creased by  the  number  of  paddles  which  were  acting  upon 
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the  water  at  the  same  time.  It  was  however  found  on 
trial  that  the  great  friction  of  the  chains,  together  with  the 
number  of  parts,  which  were  exposed  to  injury,  prevented 
their  successful  adoption. 

Another  method,  upon  a  somewhat  similar  principle,  is 
represented  in  the  aecompanying  figure.  The  cranks  a  a,  are 


moved  by  the  engine,  and  turn  with  them  the  horizontal  bar, 
to  which  are  fixed  the  vertical  paddles.  By  this  method,  all 
the  paddles  are  immersed  in  the  water  in  a  vertical  position, 
and  raised  out  of  it,  in  the  like  manner;  but  although  the 
back  water  is  avoided  by  this  method,  yet  it  is  obvious  that 
another  difiiculty  is  encountered,  of  a  more  formidable  na- 
ture ;  which  is,  that  the  motion  of  the  paddles  in  entering, 
is  exceedingly  slow,  and  probably  slower  than  the  speed  at 
which  the  vessel  passes  through  the  water ;  so  that,  unless 
the  speed  be  too  great,  when  the  paddles  move  at  their 
greatest  velocity,  namely,  when  the  cranks  are  vertical, 
they  must  at  entering,  and  leaving  the  water,  considerably 
impede  the  motion  of  the  boat. 

A  method  of  keeping  the  paddles  vertical,  during  the 
revolution,  is  described  by  Mr.  Robertson  Buchanan,  in 
his  ^^  Treatise  on  propelling  vessels  by  steam,"  which  he 
thus  explains. 

^^  If  two  equal  rings  or  circular  lines  in  the  same  plane, 
or  in  planes  parallel  to  each  other,  be  conceived  to  revolve 
each  upon  its  respective  centre  in  its  own  plane,  with  one 
and  the  same  uniform  velocity,  and  in  the  same  direction 
with  regard  to  parts  of  the  rings,  or  lines  alike  situated, 
and  anv  point  be  taken  in  one  of  the  lines  or  rings,  and  a 
right  line  be  drawn  from  that  point,  parallel  to  a  line 
supposed  to  join  the  centres,  until  it  meets  the  other  ring 
or  circle,  then  the  right  line  so  drawn,  will  be  equul  to 
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the  line  of  distance  between  the  centres,  and  will  continue 
equal  and  parallel  to  that  line  of  distance,  during  the 
whole  of  every  revolution  so  made/* 


The  dotted  circle  and  the  black  circle  in  the  accompany- 
ing; figure,  denote  the  rings  or  circles  mentioned  in  the 
theorem,  and  Y  and  X  denote  their  centres ;  and  the  lines 
1  a,  parallel  to  and  equal  to  X  Y,  the  line  of  distance  of 
the  centres,  will  continue  equal  and  parallel  to  that  line 
of  distance,  in  the  positions  2  c,  and  3  e,  and  4  9,  and  in 
all  other  positions  into  which  the  point  1,  can  be  brought, 
during  the  uniform,  equal  and  similarly  directed  revolu- 
tions of  the  two  circles. 

It  will  be  evident  upon  a  little  inspection,  that  this  paddle 
wheel  of  Mr.  Buchanan's  is  liable  to  the  objections  stated 
to  exist  against  the  last-described  apparatus,  namely,  that  of 
impeding  the  speed  of  the  boat,  by  its  comparatively  slow 
motion,  on  entering  and  leaving  the  water.  This  fault, 
together  with  that  of  great  complexity,  and  consequent 
liability  (o  breakage,  must  we  fear  preclude  its  successful 
adoption. 

After  the  great  number  of  attempts  to  improve  the  con- 
struction of  the  paddle-wheel,  it  is  with  some  degree  of 
hesitation  that  we  submit  a  project  of  our  own,  which, 
we  cannot  help  thinking,  will  retain  all  the  advantages  of 
the  present  paddle,  and  at  the  same  time  considerably 
reduce  the  quantity  of  back  water. 
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The  principle  may  be  thus  explained  : — the  paddle  wheel 
in  composed  of  wrought  iron  hoops  and  arms,  in  the  usual 
manner ;  the  paddle,  instead  of  extending  the  whole  breadth 
of  the  wheel,  is  divided  into  three  pieces,  which  are  attached 
to  cross  bars,  not  in  the  same  line,  but  the  two  exterior 
pieces  placed  a  little  behind  the  middle  piece.  It  will  be 
seen  that  such  a  paddle  will,  when  immersed  in  the  w^ater, 
produce  nearly  the  same  effect  as  if  it  were  all  in  one 
piece ;  because  the  same  quantity  of  surface  is  in  both  acting 
upon  the  water,  but  in  rising  out  of  the  water  it  will  be 
evident  that  much  greater  facility  is  afforded  by  the  divi- 
ded  paddle  for  the  water  to  run  off,  and  consequently  the 
wheel  will  be  divested  of  a  considerable  portion  of  its 
back  water. 

The  United  Kingdom  Steam  Packet  is  one  of  the  largest 
which  has  been  erected  in  this  kingdom,  and  is  of  1000 
tons  burthen.  She  plies  regularly  between  London  and 
Lieith,  performing  the  voyage  in  from  40  to  60  hours.  She 
measures  148  feet  in  the  keel,  and  the  breadth  of  her  beam 
is  45  feet.  The  accommodations  for  passengers  are  of  the 
most  elegant  and  convenient  description.  She  is  propelled 
by  two  engines  of  100  horse  power  each,  (constructed  by 
Mr.  Napier,  of  Glasgow)  which  are  considered  as  specimens 
of  very  superior  workmanship.  As  these  sorts  of  engines 
very  nearly  resemble  each  other,  we  have  selected  those 
of  this  vessel  as  illustrations  of  the  mode  in  which  steam 
boat  engines  are  constructed. 

The  boiler,  figs.  3,4,  and  5,  which  is  of  wrought  iron,  is 
25  feet  6  inches  in  length,  19  feet  in  breadth,  and  8  feet 
6  inches  in  height.  There  are  eight  rectangular  tubes  b  6, 
running  the  lengthway  of  the  boiler.  The  fire  is  placed 
in  the  upper  part  of  each  of  these,  upon  the  bars  c,  in  the 
section.  At  the  farther  end  of  the  tubes  is  a  transverse 
one  d,  extending  the  whole  breadth  of  the  boiler,  which 
communicates  with  every  one  of  the  tubes,  containing  the 
fire,  at  each  end  of  d.  On  the  top,  a  return  tube  e  6,  carries 
off  the  smoke  and  fire  into  another  transverse  tube/,  out 
of  the  centre  of  which  the  chimney  g  rises.  The  cocks 
h  h  h  are  for  ascertaining  the  height  of  water  in   the 
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boiler ;  but  in  this  boiler  a  very  ingenious  mode  is  used^ 
by  which  the  necessity  of  the  cocks  A  is  dispensed  with. 
There  are  two  cocks  i  t,  which  are  placed  the  one  consider* 
ably  above,  and  the  other  as  much  below,  the  assumed 
level  of  the  water ;  these  cocks  communicate  with  a  vertical 
tube  of  glass  J,  of  sufficient  strength  to  endure  the  force 
of  the  steam.  On  the  cocks  t  i,  being  opened,  water  enters 
into  the  lower  cock,  and  steam  into  the  upper  one,  and  the 
pressure  being  the  same  in  the  boiler,  the  water  stands 
at  the  same  level,  and  thereby  indicates  at  all  times 
whether  it  be  too  high  or  too  low,  in  the  boiler. 

In  the  subjoined  engraving,  fig.  1,  represents  an  end  view 
of  the  two  engines,  and  fig.  2,  a  side  view  of  one  of  them.  The 
letters  refer  to  the  same  parts  in  each.  The  cylinders  a  a, 
are  of  cast  iron,  and  fixed  to  a  framing,  which  is  bolted  to 
the  bottom  of  the  boat.  The  piston  rods  b  6,  are  keyed 
at  the  upper  ends,  to  the  cross  heads  c  c,  to  the  exterior 
ends  of  which  are  attached  the  connecting  rods  d  d. 
The  lower  ends  of  these  connecting  rods  are  inserted  in 
the  forked  end  of  the  beams  e  e,  which  vibrate  upon  a 
shaft/,  the  bearances  of  which  rest  upon  the  top  of  the 
condenser  g.  In  the  same  forks  are  inserted  the  ends  of 
other  connecting  rods  h  A,  which  are  keyed  at  their  upper 
ends  to  cross  heads  1 1.  In  the  centre  of  these  cross-heads 
are  bushes  large  enough  to  receive  the  rods  J  j,  which  ex  tend 
to  the  crank  pins  of  the  cranks  it  k.  These  cranks  are  fixed 
to  the  main  shaft,  which  rests  upon  the  bearances  I  /,  upon 
the  arches  m,  which  are  bolted  to  the  cross  beam,  as  at  n. 
The  shafts  are  shewn  as  broken  off  at  the  outer  ends,  but 
they  extend  to  the  outside  of  the  paddle  wheel. 

The  side  beams  e  e,  are  not  straight,  but  have  two 
bends,  represented  by  the  lighter  parts  of  the  shading,  the 
ends  hear  the  cylinder  being  therefore  much  farther  apart 
than  the  opposite  ends,  so  that  they  may  take  up  as  little 
room  as  possible,  by  laying  close  to  the  respective  parts  of 
the  machinery.  They  are  also  forked  at  the  end  nearest 
the  air  pump  o,  so  as  to  admit  the  insertion  of  the  pump 
rods  p,  which  are  connected  at  their  upper  ends  to  the 
cross-head  9,  in  a  bush,  in  the  centre  of  which  is  keyed  the 

14.  2  • 


IINBRT  up  THE 


UNITED  KINGDOM  STEAM  PACKET.  S15 

air-pump  rod  r.  Connecting  rods  5,  are  attached  at  i,  to 
the  side  beams  e,  and  at  their  upper  ends  to  cross-heads^ 
which  are  connected  as  at  uu  (fig.  1)  to  two  rods,  which 
work  the  plungers  of  two  feed  pumps  1;,  for  supplying  the 
boiler. 

j  is  the  apparatus  for  blowing  through,  previous  to 
starting  the  engine.  It  consists  of  a  cock,  which  opens  or 
closes  a  communication  between  the  steam  chest  and  con- 
denser, by  turning  the  handle. 

The  rod  and  lever  x^  are  for  the  purpose  of  regulating 
the  quantity  of  injection  water,  which  enters  into  the  con- 
denser, by  a  pipe  from  the  outside  of  the  vessel,  and  can 
be  increased  and  lessened  in  quantity,  by  turning  a  cock, 
to  which  the  rod  x  is  attached,  y  is  the  hot  well, 
into  which  the  condensing  water  is  discharged  from  the  air 
pump.  The  feed  pumps  are  supplied  with  water  from 
this  hot  well,  through  the  medium  of  a  pipe,  the  overplus 
being  discharged  through  the  side  of  the  vessel,  by 
another  pipe  which  is  not  seen. 

In  the  steam  chest  1,  is  contained  the  sliding  valve.  For 
the  purpose  of  explaining  its  principle,  we  shall  here  in- 
troduce a  separate  diagram,  which  may  be  taken  as  a 
representation  of  the  best  form  in  which  it  is  constructed, 
though  it  varies  somewhat  in  its  relative  position  from  that 
of  the  engine  we  now  describe.  The  cylinder  a  in  the 
following  figure  has  two  apertures  be,  at  top  and  bottom, 
to  which  are  bolted  and  cemented  the  upright  pipe  d,  hav- 
ing near  its  cent^'e,  or  in  any  other  convenient  part,  a 
broad  face  represented  at  6,  in  which  are  three  oblong 
boles,  the  upper  one  running  into  the  cylinder,  through  6, 
and  the  lower  one  into  the  cylinder  through  c.  The  mid- 
dle one  Gommunicates  with  a  separate  recess  A,  to  which  is 
attached  a  pipe,  which  forms  a  communication  with  the 
condenser.  The  dteam  chest/,  is  a  rectangular  box  of 
cast  iron,  and  hds  a  pipe  attached  to  it  from  the  boiler ;  this 
chest  is  covered  over,  and  made  steam-tight  by  a  lid  g 
screwed  to  it.  On  the  upper  side  of  the  steam  chest  is  a 
stuffing  box,  through  which  passes  a  turned  rod  for  work- 
ing the  sliding  valve  A,  which  is  represented  in  section. 
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This  valve  has  a  flat  Tace,  neatly  ground  to  the  snrfhee  t, 
sufficient  to  cover  two  of  the  holes  of  <,  and  twice  the 
breadth  of  any  one  of  the  Burfacea  interTening  between 
any  of  the  holes  in  e.  The  valve  ia  rabed  into  a  box, 
from  its  open  interior  part,  being  of  sufficient  dimensions 
to  cover,  aa  in  its  present  situation,  two  of  the  passages  e, 
and  leave  open  a  third,  the  bottom  one  in  the  present  in- 
stance being  open. 

If  steam  were  admitted  into  the  steam  chest,  whilst  the 
valve  was  in  its  present  position,  it  could  only  enter  into 
the  cylinder  through  c,  and  consequently  would  cause  the 
piston  to  ascend,  whilst  the  air  above  it  would  be  dis- 
charged through  b,  and  the  open  part  of  the  valve,  and  so 
into  the  condenser ;  but  suppose  that  the  valve  be  depressed 
so  as  to  cover  the  middle  and  lowest  holes,  then  the  steam 
from  the  boiler  would  have  free  communication  with  the 
upper  aide  of  the  piston,  through  6,  which  it  would  con- 
sequently force  downwards,  whilst  the  steam  used  in  the 
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asceoding  stroke  would  be  discharged  into  the  condenser^ 
through  the  interior  of  the  sliding  valve ;  so  that  by  chang- 
ing the  situation  of  the  valve,  the  piston  may  be  made  to 
ascend  or  descend  at  pleasure. 

The  mode  by  which  the  valves  in  the  engine  before* 
mentioned  are  worked,  is  by  eccentrics  on  the  main  shaft, 
which  work  cranks ;  a  spindle  extends  across  between  the 
supporting  columns,  in  the  centre  of  which  is  another 
crank,  which  gives  motion  to  a  slide  rod,  through  the 
medium  of  two  other  rods. 

The  piston  rods  and  cross-heads  preserve  their  vertical 
motion,  by  horizontal  bars,  having  adjustable  brasses  on 
their  outer  ends,  fitted  to  the  columns,  upon  which  they 
work  smoothly  up  and  down. 

The  framing  of  the  two  engines  is  bound  together  by 
eight  bars  meeting  together  in  the  ball  10,  upon  the  top 
of  which  is  fixed  a  lamp  11. 

It  appears  that  20  cwt.  of  Weyms  Coal,  per  hour,  are 
necessary  to  keep  this  engine  going,  and  consequently  her 
average  consumption  is  about  45  tons  for  each  voyage. 

It  appears  that  the  Americans  have  brought  steam  navi- 
gation nearer  to  a  state  of  per  fection  than  ourselves,  not  only 
in  their  machinery,  but  in  the  style  of  fitting«up,  and  the 
accommodations  for  passengers.  By  a  private  letter  from 
America,  we  are  informed  that  ^^  The  Independence  Steam 
Boat  has  run  between  New  Tork  and  Albany,  a  distance 
of  144  miles,  in  11|  hours.  The  New  Philadelphia  has 
performed  the  same  voyage  frequently,  in  11  hours  and  50 
minutes.  They  start  at  six  o'clock  in  the  morning,  and  sail 
up  the  Hudson  River,  landing  passengers  in  Albany  (after 
stopping  at  ten  or  twelve  places)  at  six  in  the  evening.  The 
accommodations  are  superb,  and  the  provisions  such  as  to 
gratify  an  epicure;  the  dining  room  of  the  North 
America  is  about  150  feet  in  length  ;  she  will  dine  from 
700  to  1000  passengers.  The  floors  are  covered  with  the 
most  elegant  Brussels  carpet.  The  curtains  are  of  silk 
damask,  the  ornamental  work  richly  carved;  the  room  de<i 
corated  with  works  of  celebrated  artists.  The  fare,  includ- 
ing three  meals,  is  only  four  dollars.'^ 
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THIRD  SECTION. 


ON  STEAM  CARRIAGES. 

Cebtain  problems  have  been  entertained  regarding  the 
power  of  the  steam  engine,  which  have  been  coeval  with 
its  existence.  We  have  seen  its  earliest  inventor  anticipat- 
ing its  application  to  the  driving  of  vessels  at  sea,  and  we 
also  find  its  great  improver  calculating,  with  certainty,  on 
its  capability  of  propelling  carriages  on  the  land.  As  far 
as  the  bare  discovery  goes,  Savery  and  Watt  are  the  par- 
ties to  whom  the  credit  of  being  the  inventor  of  each  of 
these  curious  applications  of  steam  should  be  awarded ; 
only  that  by  such  an  award  we  should  dispense  an  equal 
praise  to  the  dreamer,  who  has  also  built  his  castles  in  the 
air,  and  anticipated  that  we  should  navigate  it,  with  the 
same  ease  that  we  now  traverse  the  water ;  because,  at  the 
time  when  each  of  these  projects  were  suggested,  the  diffi- 
culties against  their  execution  were  as  many,  and  appa- 
rently as  insurmountable.  Mr.  Savery  merely  hints  that 
<^his  engine  might  be  very  useful  in  ships,  but  that  he 
dares  not  meddle  with  the  matter ;  and  leaves  it  to  the  judg- 
ment of  those  who  are  the  best  judges  of  maritian  affairs.*' 
Mr.  Watt  only  mentions,  in  one  of  his  specifications,  that 
his  engine  was  applicable  to  the  purposes  of  loco-motion. 
But  Mr.  Watt's  project  was  published  at  a  time  when  his 
engine  was  quite  incapable  of  effecting  this  end,  being 
encumbered  with  an  enormous  mass  of  heavy  machinery, 
and  when  he  entertained  a  perfect  horror  at  working  his 
engines  without  a  condenser.  We  have  seen  that  great, 
if  not  insurmountable  difficulties  are  overcome  by  the 
simple  apparatus  of  a  high-pressure  engine ;  but  how  a  con- 
densing engine  would  have  succeeded^  when  encumbered 
with  its  load  of  condensing  apparatus  and  water,  requires 
no  very  extraordinary  discernment  to  discover. 

Notwithstanding  the  impracticability  of  his  plan,  at 
that  time  of  day,  Mr.  Watt  is  described  as  the  inventor  of 
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the  steam  carriage ;  and  the  decision  M'ould  have  been  the 
same,  had  Mr.  Watt  never  published  one  single  idea 
beyond  that  relating  to  travelling  by  steam ;  for  this  has 
ever  been  the  way  of  the  world  !  An  obscure  projector 
mentions  the  possibility  of  effecting  an  important  improve- 
ment in  art— -he,  with  his  project,  perishes,  and  is  forgotten. 
In  the  course  of  time,  a  mighty  genius  rises,  the  Newton  of 
his  day,  and  boldly  vanquishes  the  difficulties  from  which 
his  predecessors  have  shrunk,  and  brings  the  desired  ob- 
ject into  successful  operation.  The  world  wonders  at  the 
discovery ;  and  is  surprised  that  so  simple  a  thing  has  never 
been  conceived  before.  It  inquires  whether  no  previous  at- 
tempts have  been  made  at  so  beneficial  a  speculation,  and 
in  this  inquiry,  the  worm-eaten  pamphlet  of  the  projector  is 
handed  from  the  shelves  of  the  curious,  and  the  well-earned 
wreath  is  wrested  from  the  brow  of  him,  who,  by  sacrifice 
and  perseverance,  has  attained  this  object,  to  be  placed  on 
his,  who  never  went  one  step  in  its  prosecution.  This 
has  been  the  case  in  every  branch  of  science  and  art, 
where  human  genius  could  be  exerted,  but  in  the  steam 
engine  more  particularly  so.  Scarcely  had  Mr.  Savery 
succeeded  in  constructing  his  engine,  than  forthwith  it  is 
discovered  that  it  is  a  mere  copy  of  the  Marquess  of  Wor- 
cester's, and  that  he  (Savery),  forsooth,  had  bought  up 
and  burnt,  for  the  better  concealment  of  the  fact,  every 
copy  of  that  book  of  quackery  and  folly,  ^^  H^e  Century  of 
Inventions.^*  This  had  hardly  been  settled,  before  the 
merit  awarded  to  the  Marquess  is  disputed  by  twenty  com- 
petitors, and  the  laurel,  which  should  have  remained  with 
Savery,  is  torn  in  pieces  in  the  dispute.  These  and  innu- 
merable instances  may  be  given  of  the  unjust  decisions  of 
society,  and  in  consequence  there  has  not  been  one  meri- 
torious application  of  steam,  the  invention  of  which  has 
not  been  contended  for.  The  reason  is  thjs,  that  the  mere 
observer  does  not  distinguish  the  wide  difl^erence  between 
merely  guessing  at  what  may  be  done,  and  what,  by  patient 
perseverance  and  immense  expenditure,  has  been  actually 
effected.  In  mechanics,  as  in  poetry,  there  is  no  such  thing 
as  a  new  idea.     In  both,  it  is  the  arrangement,  and  the 
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novelty  of  combination,  in  which  the  merit  consists ; — the 
turning  of  the  commonest  and  most  ordinary  materials  to 
a  new  and  beneficial  purpose. 

We  are  willing,  therefore,  to  give  Mr.  Watt  the  credit 
of  having  first  suggested  a  steam  carriage,  but  nothing 
more.  We  have  had  occasion  to  regret,  in  the  course  of  this 
work,  that  the  brilliancy  of  that  gentleman's  otherwise 
splendid  career,  has  been  somewhat  eclipsed  by  a  studied 
obscurity,  and  in  many  cases  an  unjust  monopoly.  This  is 
not  only  inconsistent  with  the  innate  honesty  of  true 
genius,  but  was  in  his  case  unnecessary  and  injurious. 
The  talents  of  Mr.  Watt  needed  not  such  a  protection ; 
the  wonderful  powers  of  his  mind  enabled  him,  in  every 
branch  of  his  profession,  to  outstrip  all  his  cotemporaries; 
and  that  law  which  stipulates  that  a  man  shall  fully  pub- 
lish his  invention,  in  return  for  a  limited  monopoly,  might 
have  been  in  justice  to  himself  complied  with,  to  the  letter. 

An  instance  we  shall  give  of  Mr«  Watt's  feeling  on  this 
subject.  Mr.  Matthew  Murray,  of  Lieeds,  made  some  most 
important  improvements  in  the  steam  engine ;  among 
other  thingSy  the  sliding  valve,  which  is  allowed  to  be  one 
of  the  most  valuable  additions  to  the  steam  engine,  and 
now  in  common  use.  These  were  admitted  by  Mr.  Watt 
to  be  valuable  improvements ;  but,  because  some  of  the 
combinations  of  Mr.  Murray's  engines,  bore  a  trifling  re- 
semblance to  the  engine  which  was  professed  to  be  descri- 
bed in  the  obscure  patent  of  1768,  (which  has  been  gene- 
rally allowed  to  explain  nothing,)  Mr.  Watt  obtained  a  writ 
otscire/aciasy  by  which  Mr.  Murray's  patent  was  set  aside. 

It  was  probably  from  the  same  disposition  to  monopoly 
that  we  find  almost  every  possible  application  of  the  steam 
engine  claimed  in  the  specifications  of  Mr.  Watt.  The 
high-pressure  engine,  the  application  of  oils,  fats,  resinous 
bodies,  quicksilver,  &c.  &c.  to  the  piston;  regulators 
out  of  number,  governors,  cranks,  many  rotary  engines, 
together  with  steam  carriages,  and  a  variety  of  other 
modifications  of  the  engine;  few  of  which,  we  venture  to 
say,  are  sufficiently  intelligible  to  enable  others  to  con- 
struct them  according  to  the  intention  of  the  Patentee. 
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We  have  made  these  remarks  in  this  place,  in  order  to 
set  at  rest  the  title  of  Mr.  Watt  to  the  invention  of  steam 
carriages.  And  taking  for  our  rule,  that  the  party  who  first 
attempted  to  put  them  in  practice,  by  mechanical  arrange- 
ments of  his  own,  is  entitled  to  the  reputation  of  being 
their  inventor — Mr.  Oliver  Evans,  of  America,  (named 
in  the  preceding  section,  as  one  of  the  earliest  promoters 
of  steam  navigation,)  appears  to  us  to  be  the  person  to 
whom  that  honour  is  due. 

The  particulars  of  Mr.  Evans's  experiments  are  ex- 
tremely interesting,  and  explain,  with  much  clearness  and 
evident  sincerity^  the  circumstances  which  led  to  the  pro- 
secution of  his  scheme,  which  was  carried  into  eflPect  in 
the  year  1804. 

Messrs.  Trevithick  and  Yivian'^s  patent  of  1802,  describes 
a  steam  carriage,  for  the  purpose  of  travelling  on  the 
common  road.  The  carriage  resembles  in  form  the  com- 
mon stage-coach;  an  iron  frame,  containing  the  boiler  and 
cylinder,  is  placed  behind  the  carriage;  the  cylinder  is 
likewise  horizontal.  Our  readers  will  readily  see  the  ap- 
plication of  the  apparatus  to  the  wheels  by  a  cranked  axle. 
On  both  ends  of  the  axle,  cog-wheels  are  fixed,  by  which 
means,  when  the  axle  is  made  to  revolve,  it  communicates 
its  motion  to  the  hinder  and  larger  wheels  of  the  carriage. 
The  machine  has  a  fly-wheel,  to  preserve  the  regularity 
of  the  motion:  means  are  also  provided  for  throwing  any 
of  the  wheels  out  of  gear,  by  which  a  turn  can  be  made 
without  difficulty. 

This  engine  was  not  put  into  operation  until  1805,  when 
Mr.  Trevithick  had  an  opportunity  of  proving  its  utility 
upon  the  Merthyr  Tydvil  Rail-road,  South  Wales.  The 
engine  had  a  cylinder  of  8  inches  diameter,  and  a  stroke 
of  4  ft.  6  inc.  in  length,  and  drew  after  it  upon  the  rail-road 
as  many  carriages  as  carried  ten  tons  of  bar  iron,  from  a 
distance  of  nine  miles,  which  it  performed  without  any 
supply  of  water  to  that  contained  in  the  boiler  at  the 
time  of  setting  oat,  travelling  at  the  rate  of  five  miles 
an  hour. 

It  appears  that  the  more  general  adoption  of  this 
14.  2  T 
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iDBcliine  was  prevented  by  a  fear  that  the  wheels  would 
not  adhere  sufficiently  (o  th«  surrace  over  which  it 
passed,  but  that  (hey  would  slip  round  without  pro- 
ducing loco-motion,  when  any  considerable  load  was  at- 
tached to  the  machine.  To  obviate  this  imagiTted  d'lK- 
cwlty,  Mr.  Blenkinsop,  of  Middleton  Colliery,  near  Leeds, 
obtained  a  patent,  in  1811,  for  the  application  of  a  rack  or 
toothed  rail,  laid  down  on  one  side  of  (he  railway  from 
end  to  end.  Into  this  rack  a  toothed  wheel  is  worked  by 
the  steam  engine :  the  revolution  of  which  wheel  produces 
the  necessary  mot  ion,  without  any  of  (he  slipping  all  uded  to. 
The  accompanying  figure  will  convey  to  our  readers  an 
idea  of  Mr.  Blenhinsop's  plan.  The  boiler  x  is  placed 
on  a  wooden  or  casl-iron  frame  y.  Through  its  interior 
passes  a  wrought-iron  (ube  of  sufficient  diameter  to  hold 
(he  fire  and  grate;  this  tube  is  carried  out  at  the  farther 
Hid  of  the  boiler,  when  it  is  bent  upwards  and  continued 
siitTiciontly  high  to  form  the  chimney  z.    a  a  are  two 
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working  cylinders  fixed  in  the  boiler,  and  which  work  in 
the  usual  way;  the  piston  rods  are  connected  by  cross 
heads  to  the  connecting  rods  6  b.  These  connecting  rods 
are  brought  down  on  each  side  of  the  boiler,  and  there 
joined  to  the  cranks  c  c,  (there  being  corresponding  cranks 
on  the  other  side  of  the  machine)  which  are  placed  at 
right  angles  to  each  other,  consequently  the  two  cranks 
on  the  first  shaft  are  horizontal  and  at  their  greatest  power, 
at  the  time  the  other  two  are  passing  the  centre.  Upon 
these  shafts  are  fixed  (under  the  boiler)  two  small  toothed 
wheels,  which  gire  motion  to  a  larger  toothed  wheel  e, 
fixed  upon  a  third  axle.  A  toothed  wheel,  /,  is  firmly 
keyed  to  the  end  of  the  central  axle,  and  revolves  with 
the  wheel  e.  The  teeth  off  correspond  with,  and  work 
into  a  rack,  R  R,  stretched  along  one  side  of  the  railway. 
Motion,  therefore,  is  given  by  the  pistons  to  the  wheels 
dcf,  which  they  communicate  to  the  wheel  /by  e:  a  pro- 
gressive movement  is  given  to  the  carriage  by  the  teeth 
of/ taking  hold  of  the  rack. 

By  this  means  the  load  can  be  drawn  up  a  greater  ac- 
clivity than  by  the  machine  of  Messrs.  Trevithick  and 
Vivian,  the  only  objection  being  that  the  power  it*  applied 
on  one  side  only,  which  must  have  a  tendency  to  force  the 
flanges  or  projecting  rims  of  the  supporting  wheels,  against 
the  edges  of  the  rails,  by  which  an  extra  friction  would  be 
produced.  This,  however,  is  a  trifling  inconvenience,  and 
is  not  found  in  practice  to  deduct  much  from  the  efi^ect  of 
the  engines,  several  of  which  have,  since  the  date  of  the 
patent,  been  in  constant  use  in  drawing  coal  waggons  be- 
tween Middleton  Colliery  and  Leeds. 

In  the  year  1813,  Mr.  William  Brunton,  of  Butterly 
Iron  Works,  also  obtained  a  patent  for  a  mode  of  giving 
motion  to  carriages  by  a  very  novel  contrivance. 

The  present  engraving  represents  this  Loco-motive 
Engine,  which  he  terms  his  ^^  mechanical  traveller.^* 
^^  The  boiler  was  nearly  similar  to  that  of  Mr.  Blenkinsop^s 
semi-circular  (circular);  there  was  a  tube  passing  through 
it,  to  contain  the  fuel.*'  The  cylinder  A  was  placed  on 
one  side  of  the  boiler;  the  piston-rod   is  projected  out 
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behind  horizontally,  and  is  attached  to  the  leg  ab,aid, 
and  to  the  reciprocating  lerer  a  c,  which  is  fixed  at  c/  at 
the  lower  extremity  of  the  leg  a  b,  feet  are  attached  by  a 
joint  at  b;  these  feet  lay  a  firmer  bold  upoD  the  grooad, 
being  furnished  with  short  prongs,  which  prevent  them 
Trom  slipping,  and  are  sufficiently  broad  to  prerent  their 
injuring  the  road. 


(Bruntoh's  "Mechanical  TravelUr"  1813.) 
On  inspecting  the  drawing,  it  will  be  seen,  that  when  the 
piston-rod  is  projected  out  from  the,  cylinder,  it  will  tend 
to  push  the  end  of  the  lever  or  leg  a  from  it,  in  a  direction 
parallel  to  the  line  of  the  cylinder;  but  as  the  leg  aba 
prevented  from  moving  backwards,  by  the  end  b  being 
firmly  fixed  upon  the  ground,  the  re-action  is  thrown  upon 
the  carriage,  and  a  progressive  motion  given  to  it,  and  this 
will  be  continued  to  the  end  of  the  stroke.  Upon  the 
reciprocating  line  a  c  is  fixed  at  I,  a  rod,  I,  2,  3,  sliding 
horizontally  backwards  and  forwards  upon  the  top  of  th'' 
boiler;  from  2  to  3  it  is  furnished  with  teeth,  which  wort 
into  a  cog-wheel,  lying  horizontally;  on  the  opposite  side 
of  this  cog-wheel  a  sliding  rack  is  fixed,  similar,  to  1,  fi,  3, 
which,  as  the  cog-wheel  is  turned  round  by  the  sliding 
rack,  2,3  is  also  moved  backwards  and  forwards.  The 
end  of  this  sliding  rod  is  fixed  upon  the  reciprocating 
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lever  d  c,  of  the  leg  d  e,  at  4.  When,  therefore,  the  sliding 
rack  is  moved  forwards  in  the  direction  3,  2,  1,  by  the 
progressive  motion  of  the  engine,  the  opposite  rod,  4,  is 
moved  in  the  contrary  direction,  and  the  leg  d  6  is  thereby 
drawn  towards  the  engine ;  and,  when  the  piston  rod  is  at 
the  farthest  extremity  of  the  stroke,  the  leg  d  e  will  be 
brought  close  to  the  engine;  the  piston  is  then  made  to 
return  in  the  opposite  direction,  moving  with  it  the  leg 
a  6,  and  also  the  sliding  rack  I,  2,  3;  the  sliding  rack  act- 
ing on  the  toothed  wheel,  causes  the  other  sliding  rod  to 
move  in  the  contrary  direction,  and  with  it  the  leg  de. 
Whenever,  therefore,  the  piston  is  at  the  extremity  of  the 
stroke,  and  one  of  the  legs  is  no  longer  of  use  to  propel 
the  engine  forward,  the  other,  immediately  on  the  motion 
of  (he  piston  being  changed,  is  ready  in  its  turn,  to  act  as 
a  fulcrum  or  abutment  for  the  action  of  the  moving  power, 
to  secure  the  continual  progressive  motion  of  the  engine. 

The  feet  are  raised  from  the  ground  during  the  return 
of  the  legs  towards  the  engine,  by  straps  of  leather  or  rope 
fastened  to  the  legs  at//,  passing  over  friction  sheeves, 
moveable  in  one  direction  only,  by  a  ratchet  and  catch, 
worked  by  the  motion  of  the  engine.  The  feet  are  de- 
scribed of  various  forms  in  the  specification,  the  great  ob* 
ject  being  to  prevent  them  from  injuring  the  road,  and  to 
obtain  a  firm  footing,  that  no  jerks  should  take  place  at 
the  return  of  the  stroke,  when  the  action  of  the  engine 
came  upon  them ;  for  this  purpose  they  were  made  broad, 
with  short  spikes  to  lay  hold  of  the  ground.* 

The  next  attempt  we  find  to  produce  a  loco-motive 
steam  engine  is  in  the  patent  of  Messrs.  Dodd  and  Ste- 
phenson, of  Newcastle  upon  Tyne.  The  patent  was  dated 
February  28,  1815,  and  consisted  of  the  application  of  a 
pin  upon  one  of  the  spokes  of  the  wheels  that  supported 
the  engine,  by  which  it  travelled  upon  the  rail-road,  the 
lower  end  of  the  connecting  rod  being  attached  to  it  by 
what  is  termed  a  ball  and  socket  joint;  the  other  end  of 
the  connecting  rod  being  attached  to  the  cross-beam, 
worked  up  and  down  by  the  piston. 


*  Wood  on  RaiLroadv. 
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a  b  representt)  the  connecting  rod,  (he  end  a  attached 
1o  the  crD98-beain,  and  the  end  6  to  one  of  the  spokes  ot 
the  wheel ;  in  like  manner  the  end  d,  of  the  connecting 
rod  c  dy  is  attached  to  the  beam  of  the  other  piston,  and  h 
and  c  to  a  pin  fised  in  the  spokes  of  the  wheel  B.  By 
these  means,  the  reciprocating  motion  of  the  piston  and 
connecting  rod  is  converted,  by  the  pin  upon  the  spokes 
acting  as  a  crank,  into  a  rotary  motion,  and  (be  conlinua* 
tion  of  this  motion  secured  by  the  one  pin  or  crank  being 
kept  at  right  angles  to  (he  other,  as  shewn  in  the  drawing. 

To  effect  this,  the  patentees  had  two  methods ;  to  crank 
the  axle  on  which  each  of  the  wheels  were  fixed,  with  a 
connecting  rod  between,  to  keep  (hem  always  at  the  angle, 
with  respect  to  each  other;  or  to  use  a  peculiar  sort  of 
endless  chain,  passing  over  a  Inothed  wheel  on  each  axle. 
This  endless  chain  consisted  at  first  of  one  hroad  and  two 


iLoMh  if  Slepkenson's  Vnrri'uje.     181  i.) 
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narrow  links,  alternately  fastened  together  at  the  ends 
with  bolts  ;  the  two  narrow  links  were  always  on  the  out- 
side of  the  broad  link ;  consequently,  the  distance  they 
were  separated  laterally  would  be  equal  to  the  breadth  of 
the  broad  link,  which  was  generally  about  two  inches,  and 
their  length  three  inches.  The  periphery  of  the  wheels 
fixed  upon  the  axles  of  the  engine,  were  furnished  with 
cegs,  projecting  from  the  rim  of  the  wheels,  (otherwise 
perfectly  circular  and  flat)  about  an  inch  or  one  and  a 
half  inch.  When  the  wheel  turned  round,  these  project- 
ing cogs  entered  between  the  two  narrow  links,  having  a 
broad  link  between  every  two  cogs,  resting  on  the  rim  of 
the  wheel ;  these  cogs,  or  projections,  caused  the  chain  to 
move  round  with  the  wheel,  and  completely  prevented  it 
from  slipping  round  upon  the  rim.  When,  therefore,  this 
chain  was  laid  upon  the  two  toothed  wheels,  one  wheel 
could  not  be  moved  round  without  the  other  moving 
round  with  it ;  and  thus  secured  the  proper  angles  to  the 
two  cranks. 

This  mode  of  communicating  the  action  of  the  engine, 
from  one  wheel  to  another,  is  shown  in  the  drawing;  the 
wheels  A  and  B  having  each  projecting  cog-wheels,  round 
which  the  endless  chain  passes.  This  contrivance  entirely 
superseded  the  use  of  the  cog-wheels,  and  were  without 
the  jolts  or  jerks  incident  to  them;  for,  when  the  chain 
got  worn  by  frequent  use,  or  was  stretched,  so  as  to  be- 
come too  long,  one  of  the  chains  of  the  axles  could  be 
moved  back  to  tighten  it  again,  until  a  link  could  be  taken 
out,  when  the  chain  was  moved  back  again  to  its  former 
situation* 

It  will  be  seen  from  this  description  that  Messrs.  Dodd 
and  Co/s  ifriprovement  consisted,  therefore,  of  a  renova- 
tion of  Trev  it  hick's  plan  of  propulsion  by  the  mere  fric- 
tion produced  by  the  contact  of  the  wheel  and  rail.  The 
only  material  difference  between  the  two  plans  being  in 
the  ostng  of  two  cylinders  instead  of  one,  and  in  the 
method  of  connecting  the  axles  so  as  to  cause  the  cranks 
to  continue  working  at  right  angles  to  each  other.  The 
purpose  of  this,  it  will  be  understood,  was^  that  when  the 
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ope  crank  was  what  is  called  passing  the  centre,  the  other 
was  at  its  greatest  power,  and  consequently  aided  the 
former  in  its  revolution,  when  for  want  of  a  fly-wheel  it 
would  have '  to  stop  in  that  situation.  It  would  appear 
however  that  this  plan  was  found  insufficient  to  produce 
a  proper  effect,  for  we  find  that  Mr.  Stephenson,  in  con- 
junction with  Mr.  liosh,  procured  a  second  patent  in  1816, 
for  some  improvements  upon  it.  These  improvements 
consisted  in  the  application  of  steam  cylinders  placed 
under  the  boiler  and  upon  the  axles  of  the  wheels :  into 
which  were  inserted  pistons,  the  rods  of  which  were  at- 
tached to  bearings  wherein  the  axles  worked.  These 
pistons  being  acted  upon  by  the  steam  in  the  boiler,  per- 
formed the  part  of  springs,  and  served  the  double  purpose 
of  keeping  all  the  wheels  pressed  upon  the  rails,  (when, 
owing  to  any  undulations,  there  would  otherwise  have 
been  a  tendency  in  the  carriage  to  have  rested  only  on 
three,  or  perhaps  in  some  instances  on  but  two  of  the 
wheels,)  and  of  preventing  any  material  injury  to  the 
machinery  by  jolts.  The  drawing  which  we  use  for  ex- 
planation is  the  same  as  Dodd  and  Co.^s,  and  shews  six 
wheeb,  but  by  trial  it  has  been  found  that  four  were  quite 
sufficient. 

The  patentees  state,  that — ^^  in  what  relates  to  the 
loco-motive  engines,  our  invention  consists  in  sustaining 
the  weight,  or  a  proportion  of  the  weight  of  the  engine 
upon  pbtons,  moveable  within  cylinders^  into  which  the 
steam  or  water  of  the  boiler  is  allowed  to  enter,  in  order 
to  press  upon  such  pistons  ;  and  which  pistons  are,  by  the 
intervention  of  certain  levers  and  connecting  rods,  or  by 
any  other  effective  contrivance,  made  to  bear  upon  the 
axles  of  the  wheels  of  the  carriage,  upon  which  the  engine 
rests." 

ee  e  shew  the  cylinders  placed  within  the  boiler,  one 
side  of  which,  in  the  drawing,  is  supposed  to  be  removed, 
to  expose  them  to  view.  They  are  screwed  by  flanges  to 
one  side  of  the  boiler,  and  project  within  it  a  few  inches^ 
and  are  open  at  the  top,  to  the  steam  or  water  in  the 
boiler;  ggg  9.re  »olid  pistons,  filling  the  interior  of  the 
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cylinders,  and  packed  in  the  comnion  way  to  render  them 
steaito-ti^ht.  The  cylinders  in  the  figure  ure  drawn  a? 
cut  through  the  middle  to  shew  the  pistons*  The;  cylin* 
der  is  also  opened  at  the  bottom,  and  is  scnewed  upon  the 
frame  of  the  engine,  as  represented  at  a  a,  fig.  2.  T-he  pis* 
tons  are  furnished  with  a  rod^  in  a  similar  way  to  other 
pistons,  inverted  and  securely  fixed  to  it ;  the  lower  end 
of  which  passes  through  a  hole  in  the  frame  which  sup- 
ports the  engine,  and  presses  upon  the  chair  which  rests 
on  the  axis  of  the  wheels  on  which  the  carriage  moves. 
The  chair  has  liberty  to  move  up  and  down  with  the  pis- 
ton rod.  When,  therefore,  the  steam  presses  upon  the 
piston,  the  weight  is  transmitted  to  the  axle  by  the  piston 
rod,  and  the  re-action  of  that  pressure  takes  as  much 
weight  oflT  the  engine.  If,  therefore,  the  cylinders  be  ot 
sufficient  area,  so  that  the  pressure  of  the  steam  upon  the 
whole  of  the  piston  be  equal  ti>  the  weight  of  the  engine, 
the  engine  will  be  lifted  up,  as  it  were,  or  entirely  sup- 
ported by  the  steam,  which  thus  forms  a  kind  of  spring  of 
the  nicest  elasticity. 

These  loco-motive  engines  have  been  long  in  use  at 
Killingworth  colliery,  near  Newcastle,  and  at  Hetton 
Colliery,  on  the  Wear,  so  that  their  advantages  and  defects 
have  been  sufficiently  submitted  to  the  test  of  experiment ; 
and  it  appears  that,  notwithstanding  the  great  exertiops 
on  the  part  of  the  inventor,  Mr.  Stephenson,  to  bring 
them  into  use  on  the  different  rail-roads,  now  either  con- 
structing or  in  agitation,  it  has  been  the  opinion  of  several 
able  engineers,  that  they  do  not  possess  those  advantages 
which  the  inventor  had  anticipated ;  indeed,  theire  cannot 
be  a  better  proof  of  the  doubt  entertained  regarding  their 
utility  than  the  fact,  that  it  has  been  determined  Ihat  no 
loco-motive  engines  shall  be  used  in  the  projected .  rail- 
road between  Newcastle  and  Carlisle,  since,  had  their  ad- 
vantages been  very  apparent,  the  persons  living  immedi- 
ately on  the  spot  in  which  they  are  used,  namely,  New- 
castle, would  ha[ve  been  acquainted  therewith. 

The  principal  objections  appear  to  be  the  difficulty  of 
surmounting  even  the  slightest  ascent ;    for  it  has  been 

15.  2  u 
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found  that  It  rise  of  only  one«-eighth  of  an  it^ch  in  a  yard, 
or  18  feet  in  a  mile,  retards  the  speed  of  one  of.  these  en- 
gines in  a  very  great  degvee;  so  ranch  so,  indeed^  that  it 
has  been  considered  necessary,  in  some!  parts  where  they 
are  a^^d,  toaid  their  ascent  with  their  load  by'  fixed  en- 
gines, which  drag  them  forward  by  means:  of  ropes  ooijiog 
round  a  drum.  The  steam  cylinders  below  the  boiler, 
which  constituted  the  patellt,  were  found  very  defeetiv.e, 
for,  in  the  ascending  stroke  of  the  working  piston,  they 
were  forced  inwards  by  the  connecting  rod  pulling  at.  the 
wheel  in  turning  it  round,  and  in  the  descending  stroke 
the  same  pistons  were  forced  as  miich  outwards;  this 
motion  or  play  rendered  it  necessary  to  inicrease  the  lengj^b 
of  the  working  cylinders  as  much  as  there  was  pHy  in  the 
lower  ones,  to  avoid  the  danger  of  breaking  or  seriously 
injuring  the  top  and  bottom  of  the  former  by  the  striking 
of  the  piston,  when  it  is  (breed  too  much  up  or  down.  As 
our  meaning  may  not  be  fujiiy  comprehended  without 
elucidation,  let  us  imagine  the  bylinder  pf  a  e^mpon  beam 
engine  to  be  set  upon  springs,  which  haye  aplay  of  one  foot : 
the  weight  of  the  cylinder^  When  at.  rejst,^ depresses- the 
spring  six  inches,  but  if  the  engine  be  put  in;  niotion,  /ibn 
as  the  piston  ascends  and  gives  motion  to  thei  ^achinery^ 
the  springs  below  the  cylinder  b^ing^  as  it  w^re^  tbe  abut- 
ment upon  which  the  steam  acts,  are  forced  downwards 
against  their  seat,  with  precisely  the  force  that  the  piston 
exerts  in  overcoming  the  resistance  of  the  machinery.  In 
like  manner  when  the  piston  descends,  as  much  weight  or 
pressure  will  be  taken  off  these  springs  by  the  same  means. 
The  cylinder*  would,  therefore,  >ibrate  or  dance  upon  the 
bearing  springs ;  and,  as  the  motion  which  it  thus  obtains 
is  the  reverse  of  the  motion  then  given  to  the  piston,  the 
length  of  the  cylinder  should  be  lengthen^  to  allow  for 
the  extreme  vibration  to  which  it  is  liable.  A  quantity  of 
steam  would  therefore  be  lost  in  filling  up  this  extra 
length  of  the  cylinder  at  each  stroke.  This  would  alsa 
happen  if  the  cylinder  were^bed  as  usual,  and  the  carriages 
of  the  crank  and  flywheel  supported  upon  springs,  and 
this  arrangement  would  then  be  exactly  the  same  in  prin- 
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ciple  and  effect  as  the  paf  ts  of  the  loeo-motire  engine  to 
which  we  now  allude. 

Several  patents  have  likewise  been  obtained  for  loco* 
motive  engines,  apfdicable  to  the  common  roads^  namely, 
thatof  Mr.  Jiiliua  Griffith,  in  1821  ^of  Mt.  Smnael  Brown, 
ia!1888;  of  Mr.  James,  in:  thoiSi^e  year;  of  Mr.W,  U. 
Jaaras,  in  1834 ; .  and  Mr.  D.  Gordon^  in  Uie  same  yter. 

The  only  two.maehines  which  have  Imd  any  thing  like 
a  trial,  Appear  to  be  those  of  Mr.>  Goldsworthy :  Onmey, 
and  of  Messrs:  Burstall  &nd  Hill,^both  patehted  in  1826. 

The  propelling  appacatusof  Mr.  Gnrney's  engine  com- 
bines the  principle  of  Mr.  Trevithick's  engine^  with  that 
of  Mr.  Brunton's;  namely^  Mr.  Trevithick's,  in  its  being 
moved  Jby  tha  adhesion  :betweM  the  wheel  and  the  sur- 
face of  the  ground ;  and  Mr«  Brunton's,  in  its  being  aided 
in  the  ascending  paHs  of  the  road  by  a  species  of  legs  or 
crutches,  which^can  be  called  into  operation  at  the  will  of 
the  guide.*  

Mr.  Gordon^  patent  consistetn:  attaching  a  continuous 
series  qT  propellers  to  revolvillgpcranks,  instead  of  only  a 
pair  with  4  FC|:iJMrocAtin|^  {laradtel  motion,  as-  used  by 
Brunton.f 

Messrs.  Burstall  and  Hiirs  i^ngine  ii  upon^the  principle 
of  Mr.  Trevithick  V  that  is,  it  is'  propelled  by  the  Hdheslon 
between  the  wheel  and  the  sutfitoe  of  tto  ground.:): 

Ther^  are  engines  on  both  these  pHncipl^s,  tamely, 
those  with  the  propellers,  and  bn^  Mr.  Tvevithick's  plan, 
in  successful  operation;  wo  klkide  to^  Mr>  Bkiiklnsop's, 
at  Middleton  GolUery,  and  Messrs.  Losh  attd  4Btdphen« 
son^s,  at  feilUngwortb,  Hetton,  add  other  €oUlerios;  and 
on  the  Stockton  and  Darlington  lUilwfty.  ^  Th^  advantage 
which  the  propelling  apfparaios  'possesses  0v«r  the  ma- 
chines which  a^  driven  by  the  contact  oiflyjj  are^  that  on 
a  railway  they  aro  -  able  t^  snmioVuit  a  greater  ascent. 
But  it  does  not  follow  On  this  acMunt  lh«t  suth  a  pro- 
pelling appltratus  Will  be  found  advantngeous  in  trsvelling 
oo  the  coitt'mon  roads,  because  a  railway  being  a  smooth 


'*  Described  in  Append  X'  f  Ditto.  %  Ditto. 
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and  polished  surface^  does  not  afford  such  a  resistance 
against  the  slipping  round  of  the  wheels  as  a  eommon  road« 
Propellers^  iherlefore,  either  by  cogwwheels  and  racks,  or 
by  the  legs  used  in  Mr.  Brunton'^s  apparatus,  seem  to  bo 
the  oiHy  means  afforded  for  ascending  a  hill,  whose  ascent 
exceeds  18  feet  per  mile;  and  as  the  load  is  carried  on  the 
rails  alone,  tearing  up  the  intervening  surface  of  gromid 
cannot  occasion  any  serious  injury.  But  we  do  not  possess 
the  advantage  on  a  common  road,  because,  as  every  part 
of  that  is  used  by  the  vehicles  of  all  descriptions,  which, 
successively  pass  over  its  surface,  it  is  absolutely  necessary 
to  preserve  every  inch  of  it  as  level  as  possible.  Now, 
such  a  level  as  this,  we  fear,  can  never  be  preserved  in 
reads  sut^ect  to  the  action  of  propellers,  and  especially 
'Ml  those  parts  of  them,  which,  above  all  others,  require  to 
be  kept  perfectly  level,  viz.  the  steepest  ascents.  It  then  be* 
Mmes.a  question,  whether  or  not  a  steam  carriage  iscapa* 
ble  of  ascending  all  the  ordinary  hills  of  a  road,  without 
the  aid  of  the  propelling  legs.  Experiments  forbid  us  to 
e^itertnin  tiiis  opinion,  because,  on  such  hills,  Mr.  Gurney 
has  found  it  always  necessary  to  put  his  propelling  legs 
into  action. 

<  The  argument  which  is  used  against  our  opinion,  that 
thcf  roads  will  be  injured  by  the  use  of  the  propeUers, 
is  that  they  resead^l^  in  their  action  a  horse^s  footy  frooi 
which  it  is  evident  that  the  roads  sustain  little  iiyury ;  but 
'there  is  a  wide  difference  between  the  action  of  .a  horse's 
footy  and  the  propellers ;  the  moment  a  horse's  foot  is 
plac^  on  the  ground,  it  becomes  the  centre  of  curvature 
to  a  pertain  portion  of  the  weight  of  his  body,  whiph  .por- 
tion moves  in  a  segment  of  :a  circle,  over  the  part  which  is. 
the  temporary  axis,  the  leg  being  the  radius.  The  surface 
of  the  ground>  therefpre,  merely  sustains  a  perpendicular 
pressure  by  the  aiiil^al's  h:Oof,and  a  proportion  of  angular 
pressure  when  he  draws  a  l6ad,  but  this  latter  pressure  is, 
by  admirable  pliancy  of  muscle,  gradually  brought  upon 
the  ground  .so  as  to  prevent  any  sudden  concussion. and 
consequent  injury  to  the  road. 

Now  the  case  is  very  different  with  the  propellers  in  a 
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Bleam  carriage.  Here  a  solid  body  is  forcing  forward  a 
Leavy  vehicle,  by  a  coasiderable  power  pushing  upon  the 
road,  admitting  that  the  propellers  would  act  in  a  hori* 
zontal  direction,  or  could  accommodate  themselves  to  the 
undulation  of  the  road,  still  the  angular  pressure  must  be 
excessive,  and  in  cases  of  increased  resistance  must  of  ne- 
cessity either  break  the  propeller,  tear  up  the  road,  or 
overturn  the  carriage ;  but  where  the  propeller  revolves 
upon  a  centre^  as  in  Mr.  Gurney's  machine,  it  must  of  ne- 
cessity either  lift  the  carriage  off  its  wheels,  or  make  a  hole 
in  the  road,  when  acting  in  its  vertical  position. 

These  are  some  of  the  difficulties  which  are  to  be  sur- 
mounted, before  steam  carriages  can  be  brought  into  use- 
ful operation ;  even  then  a  question  arises  as  to  their  supe- 
riority over  the  present  mode  of  travelling,  either  in  point 
of  convenience  or  expense.  It  appears,  by  the  report 
of  the  Darlington  and  Stockton  Railway  Company,  that 
the  saving  effected  by  the  use  of  loco-motive  engines,  in 
place  of  horses,  on  that  Railway,  is  about  a  third.  This, 
be  it  remembered,  is  on  a  railway  constructed  for  the 
conveyance  of  coals,  and  consequently  where  fuel  is 
almost  valueless. 

This  fact  is  startling ;  because,  if  the  saving  be  so  trifling 
where  the  cost  of  coal  is  not  a  twentieth  part  of  what  it 
is  in  some  parts  of  the  kingdom — where  is  the  advantage 
which  steam  carriages  possess  ? — not,  at  any  rate,  in  the 
saving  of  expense. 

But,  whatever  may  be  our  opinion  of  what  has  hitherto 
been  done  towards  the  success  of  this  noble  project,  we 
have  no  right  to  form  any  conclusion,  as  to  what  may 
be  hereafter  effected.  It  is  well  known  that  greater  diffi- 
culties than  any  of  these  have  been  overcome,  by  talent 
and  perseverance  ;  and  there  is  no  reason  to  doubt,  but 
that  other  Newcomens,  and  Smeatons,  and  Watts  will 
arise,  to  vanquish  those  which  remain. 
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t 


tHlR  NATDRE  ANP  PROPERTIES  OF  8TBAM  4MO  OTffEB 
YAPOUR9,  WH08£'E{<A8TIC  FORCES  HAVE. BEEN, FRO- 
POSEB  ORc  EMPIiOYBO  AS  MBCI^ANICAL  AOEl^TiB  fOR 
PROPELLING  ;]lfAGHINB&Y,IHCLVDIlK(  A  D1S8ERTA,- 
TION  ON  TUB  EFFECTS  OF  HEAT.* 

■  '  *  ■ 

Pretiovsly  to  treating  of  the  effects  of  stc^anij^  it  will  be 
necessary  to  notice  the  circumstances  conqe^ted  with  its 
production;  ^ndthia  wiU  naturally  lead  to  an  investiga- 
tion x>f  tke  ^ffqcta  pf  beat)  in  causii^g  the  Wdies  to  assqqike 
the  solid,  l^uid,  or  i^eriform  stately  accprding^  to.  the 
quantity  of.  heat  in  combination  ^  with  thepi;  without, 
however,;  entering  upon  the  subtle  question^  whether  heat 
be  material,  as  it  is  supposed  to  be  by  Piotet,, Murray  and 
others,  or  whether  the  cause  of  heat,  or  the  effects  a$cribed 
to  heat,  arise  from  the  motion  amopgst  the  particles  of 
bodies,  as  is  supposed  to  be  the  case  by  the  no  less  eminent 
philosophers,  Bacon,  Newton^  ^  Poyle,  Rumford,  .Davy, 
Young,  &c.  but  merel]^  to  in vcistigate  its  varioiip  effects  09 
bodies.  la  this  inquiry,  it,  is  immiiterial  which,  of  the 
theories  is  adopted,  as  most  of  the  phenpmenc^^conncicted 
with  the  snbj^t  may  be  explained  by  either* 

One  of  the;nio9t  obvious  properties  of  heat  ia  to  increase^ 
when  combined  with  other  bodies,  their  magnitude^  as  the 
following  simple  experiment  will  shew. 


*  The  writer  «f  this  article  han  to  acknowledge  valaable  inforviip 
tion  obtained  from  the  works  of  Arnott,  Biot»  Blacky  Roc  inson^  Watt, 
and  parttcnlarly  from  the  Philosophical  Transactions. 
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Fill  with  mercury  a  hollow  glass  globe,  to  which  ia 
attached  a  very  fiae  tube.  The  mercury  in  the  globe  will 
be  increased  in  size,  or  expanded  by  the  application  of 
heat,  and  will  occupy,  in  addition  to  the  hollow  ball,  a 
portion  of  the  tube.  An^  thus,  from  the  difference  of  the 
capacities  of  the  ball  and  tube,  a  very  slight  increase  in 
the  size  of  the  mercury  is  rendered  apparent* 

An  instrument,  precisely  of  this  form,  called  a  thermo* 
meter,  has  been  ingeniously  applied  to  ascertain  and 
enable  us  to  record  -  a  great  variety  of  phenomena  con- 
nected with  heat.  The  thermometer  bulb,  or  hollow  ball, 
being  filled  with  mercury,  as  above  described,  heat  is  ap- 
plied till  the  mercury  fills  the  iube  as  well  as  the  ball. 
The  air  being  thus  expelled,  the  tube  is  hermetically 
closed  at  the  top,  and  then  attached  to  a  scale,  so  divided, 
that  when  the  instrument  is  plunged  into  freezing  water, 
the  surface  of  the  mercury  stands  at  32^,  hence  called  the 
freezing  point;  and  when  it  is  plunged  into  boiling  water, 
the  mercury  rises  to  212*,  called  the  boiling  point.  The 
space  between  these  points  is  divided  into  180  degrees, 
and  the  divisions  are  carried  above  the  one  and  below  the 
other,  in  such  a  manner  as  to  indicate,' by  the  altitude  of 
the.  merciify,  the  chiinges  in  the  temperature  of  the  body 
to  which  the  thermometer  is  applied.  The  fixing  of  the 
boiling  point  of  water  at  212*  is  perfectly  arbitrary,  and 
it  is  marked  differently  on  different  scales;  but  as  the 
above,  introduced  by  Fahi^enheit,  are  the  most  common  in 
this  country,  they  l¥ill  be  iii variably  adopted  in  this  article. 
The  freezing  point  on  the  scale  of  Reaumur*s  thermo- 
Kneter  is  marked  0,  and  the  boiling  point  80*;  so  that  the 
proportioh  of  the  divisions  on  Fahrenheit's  scale  to  those 
on  Reauitiur^s,  !$  as  ISOf*  is  to  80*,  or  as  9  is  to  4.  There 
is  another  sc'al^  ot  divisions,  introduced  by  Celsius,  and 
called  the  Centigrade  Scale,  on  which  the  freezing  point 
is  marked  0,  and  the  boiling  point  100*.  So  that  the  pro- 
portions  of  the  divisions  on  this  scale,  to  those  on  Fahren- 
heit's, are  as  100*  to  180»,  or  as  5  to  9.  From  these  data, 
the  degree  of  temperature  indicated  by  one  thermometer 
can  be  easily  converted  into  that  which  would  have  been 
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indicated  by  another;  but  as  the  thermometers,  both  of 
Reaumur  and  Celsius,  are  much  in  use  on  the  Continent,  iit 
becomes  important  to  have  read^  means  of  comparison, 
and  for  that  purpose  the  following  Table  has  been  intro- 
duced. 

TABLE  i. 

Showing  the  corrtspandinp  Dtfreei  gn  the  TJnrww9»4Urs  ^f  Fahrenheit, 

Reaumur,  and  Ceteim, 


ftihr.  IUmub.  Oantl. 

y«kr. 

Rmuim. 

0*IU1. 

vakr. 

lUCMM. 

C«MI. 

Pahr. 

Rmwd.  C««I|. 

212  80   100 

165 

59.1 

73.8 

US 

38.2 

47.7 

71 

17.3  21.6 

illl  70.5  00.4 

164 

5a6 

73»3 

117 

37.7 

47.2 

70 

16.8  2ia 

210  79.1  98.9 

163 

58.2 

72.7 

116 

37.3 

46.6 

69 

16.4  20.6 

200  78.6  98.3 

162 

57.7 

72.2 

115 

36.8 

46.1 

6S 

16   20 

208  78.2  97.8 

161 

57.3 

71.6 

114 

36.4 

45.6 

es 

15.6  19.4 

2Df  77.7  97.2 

160 

56.8 

71.1 

U3 

36 

46 

66 

15,1  18.8 

206  77.3  06.7 

159 

56.4 

70.5 

ll2 

35.T> 

44  4 

65 

14.6  18.3 

205  76.8  96.1 

158 

56 

70   : 

111 

35.1 

43.8 

64 

14.2  17*7 

204  76.4  05.5 

157 

55.5 

69.4 

110 

34.6 

43.3 

63 

13.7  17.2 

203  76   95 

156 

55.1 

68.8 

100 

34.2 

42.7 

62 

13.3  16.6 

^02  75.5  94.4 

156 

54.6 

68.3 

108 

33.7 

42.2 

61 

12.8  16,1 

201  75.1  93.8 

164 

54.2 

67.7 

107 

33.3 

41.6 

60 

12.4  15.5 

200  74.6  93.3 

153 

53.7 

67.2 

106 

32^8 

41.1 

50 

12   16 

f99  74.2  92.7 

162 

5a.3 

W>.6 

105 

32.4 

.40.5 

58 

11.6  14.4 

198  73.7  92.2 

151 

52.8 

66.1 

104 

32 

40 

67 

11.1  13.8 

197  73.3  91.6 

150 

52.4 

65.5 

103 

31.6 

30.4 

66 

10.6  las 

196  72.8  91.1 

140 

58 

65 

102 

31.1 

38.8 

55 

10.2  12.7 

195  72.4  90,5 

148 

51.5 

64.4 

101 

30.6 

38.3 

64 

0J7  12.2 

194  72   90 

147 

61.1 

63.8 

100 

30.2 

37.7 

63 

9.3  l\.% 

103  71.5  80.4 

146 

50  6 

63.3 

09 

20.7 

37.2 

62 

^.8  11.1 

192  71.1  88.8 

145 

50.2 

62.7 

98 

20.3 

36.6 

M 

'8.4  10.6 

191  70.7  88.3  ' 

144 

49.7 

62.2 

07 

28.8 

36.1 

60 

^   10 

190  70.2  87.7 

143 

40.3 

61.6 

96 

28.4 

3^.5 

49 

7.5   9.4 

189  69.7  87.2 

142 

48.8 

61.1 

96 

28 

36 

48 

7.1   0.8 

188  69.^  86.6 

141 

48.4 

60.5 

94 

27.5 

34.4  • 

47 

6.6   8.3 

187  68.8  86.1 

140 

48 

60 

93 

271 

33.8 

46 

6.2   7.7 

186  68.4  85.5 

139 

47.5 

50.4 

02 

96.« 

33.3 

46 

6.7   7.2 

185  as   85 

138 

47.1 

58.8 

01 

26.2 

32.7 

44 

5.3   6.6 

184  91Jb    84.4 

137 

46.6 

58.3  J 

90 

257 

32.2 

43 

4.8   6.1 

183  67.1  83.8 

186 

46.2 

67.7 

89 

26.3 

31.6 

42 

4.4   6.5 

182  66.6  83.8 

135 

45.7 

57.2 

88 

24.8 

31,1 

41 

4    5 

181  66.2  82.7 

134 

45.3 

56.6 

87 

24.4 

36.5 

40 

3.5   4.4 

180  65.7  02.2 

133 

44.8 

66.1 

80 

24 

30 

39 

3.1   3.8 

170  66.3  81.6 

132 

44.4 

55.6 

86 

23.6 

20.4 

38 

2.6   3.3 

178  64.8  81.1 

131 

44 

66 

84 

20.1 

iS.S 

3f 

2.2   2.7 

177  64.4  80.5 

130 

43.5 

54.4 

83 

226 

28.3 

36 

1.7   2.2 

176  64   80 

129 

43.1 

58.8 

82 

22.2 

27.7 

36 

l;3   1.6 

175  63.5  79.4 

128 

42.6 

53.3 

81 

21.7 

27.2 

34 

0.8   1  1 

174  63.1  78.8 

127 

42.2 

52.7 

SO 

21.3 

26.6 

'33 

0.4   0.5 

173  626  78.3 

126 

41.7 

52.2 

79 

20.8 

26.1 

32 

0    0 

172  62.2  77.7 

125 

41.3 

516 

78 

20.4 

25.5 

31  —0.4  -0.5 

171  61.7  77.2 

124 

40.8 

51.1 

77 

20 

26 

30  —0.8  — l.l' 

170  61.3  76.6 

123 

40.4 

50.5 

76 

19.5 

24.4 

29  . 

-1.3  —1.6 

169  60.8  76.1 

122 

40 

50 

75 

19.1 

23.8 

28  - 

-17  —2.2 

166  60.4  75.5 

121 

30.5 

40.4 

74 

18.6 

23.3 

27  - 

-2.2  —2.7 

167  60   75 

120 

39.1 

48.8 

73 

18.2 

22  7 

26  - 

-2.6  —3.3 

166  59.5  74.4 

110 

38.6 

48.3 

72 

17.7 

22.2 

25  —3.1  -.3.« 

15. 


2x 


338 


EXPAN8I01I  OF  BODIES  BV  HEAT. 


24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


—3.5 

—4.4 

—4.8 
—5.3 
—5.7 
— «.2 
—6.6 
—7.1 
—75 


OSBtk 

—4.4 

—5 

—5.5 


—8.4 
—8.8 
—9.3 
—9.7 
9  —10.2 
8  —10.6 


.1 
—6.6 
—7.2 
—7.7 
—8.3 
—8.8 
—9.4 
—10 
—10  5 
—11.1 
—11.6 
—12.2 
—12.7 
—13.3 


F»kr. 

7 

« 

5 

4 

3. 

2- 

1. 

0. 

— 1 

—2. 

—3. 


— 5  — 


—7 

—8 


11.1 

11.5 

12 

12.4 

12.8 

18.3 

13.7 

14.2 

14.6 

15.1 

15.5 

16 

16.4 

16.8 

17.3 

17.7 


C»nM. 

—13  8 

—14.4  J 

—15 

—15.5 

—16.1 

—16.6 

—17.2 

—17.7 

—18.3 

—18.8 

—19.4 

—20 

—90.5 

—21.1 

—21.6 


rakr. 
—9 
—10 
—11 

—12 
—IS 
—14 
—15 
—16 
—17 
—18 
—19 
—20 
—21 
—22 
—23 


—18.2 
—18.6 
—19.1 
—19.5 
—20 
—20.4 
—20.8 
—21.3 
—21.7 
— 22.2 
—22.6 
—23.1 
—23.5 
—24 
—24.4 
.8 


—22.7 

—23.3 

—23.8 

—24.4 

—25 

—25.5 

—26.1 

—26.6 

—27.2 

—27.7 

—28.3 

—28.8 

—29.4 


—30.5 
—31.1 


—25 
—26 
—27 
—28 
—29 
—30 
—31 
—32 
—33 
—34 
—35 
—36 
—37 
—38 
—39 


—253 

—25.7 

—26.2 

—26.6 

—27.1 

—27.5 

—28 

—28.4 

—28.8 

—29.3 

—29.7 

—30.2 

—30.6 

—31.1 

—31.5 


-81.6 

—32.2 

—32.7 

—33.3 

— 33.H 

—34  4 

-36 

-35.5 

— 8«.l 

—36.6 

—37.2 

—37.7 

—38.3 

— 38.S 

-39.4 


The  real  quantity  of  expansion  in  bodies  always  ex- 
ceeds that  indicated  by  the  thermometer,  inasmuch  as 
the  glass  vessel  which  contains  the  mercury  is  subjected 
to  an  expansion,  which  prevents  the  mercury  from  rising 
so  high  in  the  tube  as  it  otherwise  would  do. 

Though  all  substances  are  expanded  or  dilated  by  an 
increase  of  temperature,  yet  the  expansion  produced  by 
the  same  increase,  varies  considerably  in  different  bodies. 
From  what  has  been  said,  it  will  be  perceived,  that  to  de- 
termine, accurately,  the  expansibility  of  any  fluid  by  a 
certain  increase  of  temperature,  an  allowance  must  be 
made  for  the  dilatation  of  the  viessel  containing  the  fluid, 
and  hence  the  necessity  of  first  determining  the  expan- 
sibility of  solid  substances ;  a  subject  which  has  been  in- 
vestigated with  great  care,  by  Smeaton,  De  L#uc,  Dulong, 
Petit,  Lavoisier,  La  Place,  Trough  ton,  Berthoud,Woola8- 
ton,  and  others;  and  the  results  of  their  experiments  are 
given  in  the  following  Table,  in  which  the  mean  expansi* 
bilities  are  inserted,  in  all  cases  where  the  authorities 
differ. 
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TABLE  II. 

LINEAR  EXPANSION  OF  SOLIDS  BY  HEAT. 


DimeHnoju  which  a  hot  UAes  mi  IW,  whose  Ungih  at  981' is  1.00000000. 


Glait  tabe    ••.••*•... 

Plate  glass  

Ditto  crown  glass 

Glass  rod • 

Deal 

Platina 

Palladium    •.... 

Antimooy • 

Cast  iron  prism  

Cast  iron 

Steel 

Ditto  rod 

Blistered  steel 

Steel  not  tempered 

Steel  tempered  yellow • ^ . . 

Ditto  at  a  higher  rate    •••• • 

Hard  steel    

Annealed  steel    • • 

Tempered  steel  '. 

Iron  

Soft  iron,  forged 

Round  iroB,  wire  drawn 

Iron  wire 

Bismuth    

Annealed  gold 

Gold 

Ditto  procured  by  parting    . . .  ^ , 

Ditto,  Paris  standard,  unannealed 

Ditto, ditto,  annealed ... 

Copper 

Brass • 

Cast  brass    

English  plate  brass    

Brass •..•• 

Brass  wire    

Copper  8,  tin  I    

Silver    

Brass.16,  tin  1 

Speculum  metal 

Spelter  solder — brass  8,  zinc  I    •  • 

Malacca  tin 

Tin  from  Falmouth 

Fine  pewter •• 

Grain  tin 

Tin    

Soft  solder— lead  9,  tin  1 

Zinc  8,  tin  1,  a  little  hammered 

Lead 

Zinc • 


l.ee08S867 
1.00089080 
1.00089604 
1.00080787 
1.00080787 
1.00091086 
1.00100000 
1.00108900 
1.00110940 
I.OOIIUII 
1.00118990 
1.00114470 
1.00113760 
1.00107916 
1.00187760 
1.0012S966 
1.00122600 
1.00189000 
1.00187000 
1.00180700 
1.00128046 
1.00188604 
1.00144010 
100189800 
1.00140000 
1.00160000 
1.00146606 
1.00166166 
1.00161361 
1.00179418 
1.00184647 
1.00187600 
1.00189386 
1.00808940 
1.00193000 
1.09181700 
1.00200183 
1.00190800 
1.00193800 
1.00806800 
1.00198766 
1.00817898 
1.00888300 
1.00848300 
1.00884000 
1.00860800 
1  00269200 
1.00286768 
1.00897660 
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The  expansibility  of  fluids  being  considerably  greater 
than  that  of  solids,  it  becomes  an  easy  process  to  ascertain^ 
with  a  tolerable  degree  of  accuracy,  their  relative  capa- 
bilities of  expansion,  from  slight  increments  of  tempera- 
ture, by  inclosing  them  successively  in  the  same  vessel  or 
tube.  GiasB  is  found  to  be  very  suita)l)le  for  this  purpose, 
on  account  of  itsr  possessing  but  small  expansive  powers,  and 
at  the  same  time  great  transparency.  /To  determine  witb 
great  accuracy,  however^  the  comparative  expansibilities  of 
different  fluids  submitted  to  a  considerable  change  of  tem- 
peratur^^mucb  nicety  and  judgment  are  required  in  making 
the  requisite  correction  for  the  increased  capacity  of  the 
containitig  ve^els.  MM.  Dulong  and. Petit  have  devoted 
much  attention  to  this  subject,  which  they  have  investi- 
gated with  their  usual  precision^and  published  the  results 
in  a  Table,  which  id  subjoined. 

TABLE  III. 

Expantieu  afiKe  Volume  of  Liquid^  hf  being  heated  from  82**  io  Sli*. 

Mercury 0.0177681 

Water,  its  max  imam  deDsity  ••.••••••*•.•»  •0.^)4332 

Mariatic  acid  (sp.  gr.  1.18T^    ....« 0.0600 

Nihic  acid  {np.  gr.  1.40) O.llOO 

Sulpharie  acid  (sp.  gr.  1.85^ « 0.0600 

Alcohol'  .,•. * 0.1100 

Water... * 0.0460 

Water,  saturated  with  salt ..»0.0500 

Sulpbufrc  ether. 0.0700 

Fixed  oils  , ,..0.0800 

Oil  of  turpentine • 0.0700 

It  has  been  stated  that  all  bodies  are  augmented  by 
heat ;  but  water,  under  certain  circumstances,  forms  a  re- 
markable exception  to  the  general  law,  that  all  bodies 
contract  in  bulk  by  reduction  of  temperature*  At  a  tem* 
perature  of  about  40^,  water  is  at  its  maximum  density.  If 
it  be  reduced  to ^^\i  expands  in  the  proportion  of  9  to 8, 
and  assumes  the  solid  form  of  ice.  An  increase  of  tempe- 
rature above  40^,  has  the  same  effect  of  expanding  water 
as  a  decrease  froni  that  point.  Although  water  freezes 
at  32^,  yet,  if  it  be  kept  in  a  dark  and  still  situation,  it 
may  be  cooled  to  22^,  without  freezing;  but  if  it  be  then 
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g^ently  agitated  with  a  thermometer,  it  will  immediately 
congeal,  aiid  %he  mercury  will  rise  considerably,  when  the 
water  assumes  the  solid  form  of  tce» 

This  subject  may  be  better  umlerstood  by  reference  to 
the  experiments  on  the  quantity  of  caloric  absorbed  by 
ice  during  it»  Irqoefaction. 

Aeriform  bodies  are,  when  separated  from  titeir  liquids, 
uniformly  affected,  or  very  nearly  so,  by  equal  increments 
of  temperature*  Atmospheric  air,  for  example,  by  an  in- 
crease of  temperature,  from  3?*  to  212^  (KM)*),  is  expanded 
from  1  to  1.375;  hence  the  expansibility  caused  by  an  in- 
crease of  one  degree  is  *f  H^-003063.  A  given  change  of 
any  number  of  degrees  in  temperature,  theref<^re,  being 
multiplied  by  .002083,  would  show  the  consequent  in« 
crease  of  bulk  in  the  gaseous  body.  The  results  of  Mr. 
Dalton^s  experiments  on  this  subject  are  given  in 


TABLE  IV. 

SHEWING  THE  EXPANSION  OF  AIR  BY  HEAT. 


sr 

1000 

49» 

1040 

65* 

1077 

SI- 

1112 

97» 

1146 

33 

1002 

50 

1043 

66 

1080 

82 

1114 

,  98 

1148 

34 

1004 

51 

1045 

67 

1082 

83 

1116 

99 

1150 

35 

1007 

52 

1047 

68 

1084 

84 

1118 

100 

1152 

36 

1009 

53 

1050 

69 

1087 

85 

1121 

110 

1173 

87 

1012 

54 

1053 

70 

1089 

86 

1123 

120 

1194 

38 

1015 

55 

1055 

71 

1091 

S7 

1125 

130 

1215 

39 

1018 

56 

1057 

72 

1093 

SS 

1128 

140 

1235 

40 

1021 

57 

1050 

73 

1095 

80 

1130 

150 

1255 

41 

1023 

58 

1062 

74 

1097 

90 

1132 

vn 

1275 

42 

1025 

59 

1064 

75 

1099 

91 

1134 

170 

1295 

43 

1027 

60 

1066 

76 

1101 

92 

1136 

180 

1315 

44 

1030 

61 

1069 

77 

1104 

93 

1188 

190 

1391 

45 

1032 

62 

1071 

78 

1106 

94 

1140 

200 

1354 

46 

1034 

63 

1073 

79 

1108 

95 

1142 

210 

1372 

47 

1036 

64 

1075 

80 

1110 

96 

1144 

212 

1376 

48 

1038 

Different  bodies  removed  from  one  temperature  to 
another,  require  diiferent  quantities  of  heat  to  be  sup- 
plied to  or  abstracted  from  each,  in  order  to  preserve  their 
equilibrium  of  temperature.  This  quality  of  bodies  has 
been  denominated  specific  heaij  and  it  is  exhibited  in 
Tables  V.  and  VI. 
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TABLE  V. 

ttPECIETC  HEATS  OF  SOLIDa 


■ 

SpeciBc 
heau,  that 
of  water  be- 
ing 1000. 

Weight  of 

the  atoms, 

oxygen 

being  1. 

Prodiiet  of 

these  two 
numbers. 

BiBinatli  •» 

0.0293 
0.0298 
0.0314 
0.0514 
0.0557 
0.0937 
0.0913 
0.0949 
0.1035 
0.1100 
0.1498 
a  1880 

13.300 

12.950 

12.430 

11  160 

7.350 

6.750 

44)30 

4.030 

3.957 

3.690 

3.392 

2.460 

2.011 

0.3830 
0.3794 
!     0.3704 
0.3740 
0.3779 
0.3769 
0.3736 
0.3675 
0.3756 
0.3819 
0.3731 
0.3685 
0.3780 

Lead    .«••••.••••• 

Gold    

PlatiBani    ••,••••• 
Tin 

Silver 

Zinc...* •••••••••• 

Tellarium   

CoDper 

Nickel 

Iron  •• 

Cobalt 

Sulphur 

TABLE  VI. 
THE  SPECIFIC  HEATS  OF  GASES. 

Water  1.0000 

Air 0.2669 

Hydrogen  gas ^ 3.2936 

Carbonic  acid 0.2210 

Oxygen J0.2S6i 

Azote    0.2754 

Oxide  of  azote ., 0.2369 

Olefiant  gas 0.4207 

Carbonic  oxide   0.2884 

Aqueous  vapour 0.8470 

As  different  bodies  contain,  at  the  same  temperature^ 
different  quantities  of  beat,  the  term  capacity  for  heai 
has  been  also  applied,  to  distinguish  this  property,  and 
the  following  table  exhibits  the  comparative  capacity  of  a 
few  of  the  metals. 

CAPACITIES  FOR  HEAT. 


Mean  capacity  between 
0*  and  100". 


Mean  capacity  between* 
O^aodSOOO*. 


Mercury 0.0330 

Zinc 0.0927 

Antimony    ....  0.0507 

Silver 0.0557 

Copper     0.0949 

Platinum 0.0355 

Glass  1.1770 


0.0350 
0.1015 
0.0549 
0.0611 
0.1013 
0.0355 
0.1900 
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It  is  owing  to  the  quantity  of  heat  in  combination 
with  different  substances,  that  they  assume  the  solid, 
liquid,  or  aeriform  states ;  thus  water,  below  SS^,  becomes 
solid,  and  exists  only  in  the  state  of  ice,  and  above  11S<^,  it 
becomes  steam,  and  exists  only  in  the  state  of  vapour.  As 
mercury  becomes  fluid  at  48°  below  zero,  we  are  acquaint- 
ed with  it  only  as  a  fluid,  and  apt  to  consider  that  as 
being  its  natural  state ;  but  this  is  an  accidental  condition, 
entirely  depending  upon  the  circumstance  of  the  tempe- 
rature at  which  it  becomes  fluid  being  below  the  ordinary 
temperature  of  the  atmosphere;  for  fluidity  is  no  more 
the  natural  state  of  mercury,  than  solidity  or  vapour  is 
the  natural  state  of  water.  A  considerable  quantity  of 
heat  combines  with  all  substances  during  their  changes  of 
form,  from  solid  to  liquid,  or  from  liquid  to  vapour.  And 
this  heat,  which  enters  into  combination  with  the  sub- 
stances during  their  changes,  not  remaining  sensible  to  the 
thermometer,  has  received  the  name  of  latent  heatj  which 
is  given  out  again,  and  becomes  sensible  to  the  thermo- 
meter, on  the  contrary  change.  In  the  conversion  of 
water  into"^  steam,  about  1000*  disappear,  which  is  six 
times  as  much  as  is  required  to  raise  the  cold  water  to  the 
boiling  point;  a  circumstance  which  is  experimentally  de- 
termined by  estimating  the  time  and  fuel  expended  in 
boiling  off  a  certain  quantity  of  water ;  and  rendered  evi- 
dent by  the  fact,  that  any  quantity  of  water  in  the  form 
of  steam,  will  instantly  combine  with  and  raise  to  the 
boiling  point  six  times  the  quantity  of  cold  water.  And, 
on  the  contrary,  a  portion  of  steam  will  be  immediately 
converted  into  water,  on  the  abstraction  of  a  portion  of 
its  combined  heat. 

Were  it  not  for  the  existence  of  latent  heat,  and  the 
consequent  time  required  to  effect  a  change  in  bodies,  the 
process  of  evaporating  by  boiling  would  be  impossible; 
any  water  or  any  other  liquid  would,  when  raised  to  a 
certain  temperature,  instantly  flash  into  steam,  and  be- 
come dissipated  with  a  terrible  explosion,  like  that  of 
iired  gunpowder.  For  the  same  reason,  the  thawing  of  a 
large  quantity  of  snow  would,  without  latent  heat,  be« 
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coine  a  sadden  and  disastrous  inundation.  On  the  other 
hand,  if  water  had  not  to  glye  out  its  latent  heat  in  freez- 
ing, after  a  quantity  of  it  was  once  cooled  down  to  tllb 
freezing  point,  the  abstraction  of  one  additional  degree 
of  heat  would  be  sufficient  to  convert  the  whole  into  a 
solid  ipass.  Were  not  the  operations  effecting  the  great* 
change  in  Nature  thus  rendered  slow  and  gradual,  we 
should  have  a  succession  of  the  most  disastrous  explosions 
and  inundations;  or  seas,  lakes,  and  rivers  converted  in- 
stantly into  solid  ice.  It  is  somewhat  remarkable,  that 
the  existence  of  latent  heat,  obvious  as  it  thus  appears, 
was  unknown  till  of  late  years,  when  its  discovery  led  to 
such  improvements  in  the  steam  engine  as  have  affected, 
in  an  eminent  degree,  the  relations  of  great  empires.  To 
Dr.  Black  of  Edinburgh,  and  Mr.  James  Watt  of  Glasgow, 
we  are  principally  indebted  for  having  investigated  and 
made  known  this  discovery.  They  found  that  it  was  not 
sufficient  for  converting  ice  into  water,  that  it  should  be 
merely  raised  to  that  temperature  in  which  it  can  no 
longer  remain  in  the  form  of  ice.  A  piece  of  ice,  of  the 
of  temperature  of  32^,  will  remain  a  very  long  time  in  air 
the  temperature  of  50%  before  it  is  entirely  melted,  continu* 
ing  all  the  while  of  the  same  temperature  329^  though 
continually  absorbing  heat  from  the  surrounding  air.  By 
comparing  the  time  in  which  ice  had  its  temperature 
changed  from  S8°  to  SS^,  with  the  subsequent  time  of  its 
complete  liquefaction,  it  was  discovered  that  it  absorbed 
about  140  times  as  much  heat  as  would  raise  its  tempera- 
ture one  degree;  and  that  one  pound  of  ice  at  SS<>,  when 
mixed  with  one  pound  of  water  140°  warmer,  was  only 
melted,  without  increasing  the  temperature  above  82^. 
Hence  it  was  concluded,  that  water  differed  from  ice  of 
the  same  temperature,  by  containing,  as  a  constituent  in- 
gredient, a  great  quantity  of  beat,  united  with  it  in  such 
a  way  as  to  be  incapable  of  quitting  it. for  another  colder 
body,  and  therefore  so  as  not  to  act  upon  the  thermo- 
meter. Hence  the  term  latent  heat.  If  any  more  heat 
were  added,  after  the  conversion  of  the  ice  into  water,  it  was 
not  latent,  but  would  readily  quit  it  for  the  thermometer, 
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and,  by  causing  it  to  rise,  would  show  what  was  the  de* 
gree  of  this  additional  heat.  In  like  manner,  to  convert 
water  into  an  elastic  vapour,  it  is  necessary^  not  only  to 
increase  its  uncombiued  heat  till  its  temperature  is  BlS*^ 
in  which  state  it  is  just  ready  to  become  elastic^  but  also 
to  add  to  it  a  great  quantity  of  heat^  which  combines  with 
every  particle  of  it,  so  as  to  make  it  repel  or  recede  from 
its  adjoining  particles,  and  thus  become  a  particle  of 
elastic  fluid. 

In  the  phenomenon  of  boiling  ofi^  a  quantity  of  water^ 
the  application  of  heat  to  it  causes  it  gradually  to  rise  in 
its  temperature,  till  it  reaches  that  of  818*.  It  then  begins 
to  send  off  elastic  vapour,  and  is  slowly  expended  in  thie 
way,  continuing  all  the  while  of  the  satn^  temperature^ 
*rbe  steam  also  is  of  no  higher  temperature^  aa  ap^ 
pears  by  holding  a  thermometer  in  it«  We  must  cfMiit> 
elude  that  this  steam  contains  all  the  heat  which  is  Ex- 
pended in  its  formation*  Accordingly,  the  scalding  pow^k* 
of  steam  is  well  known ;  but  it  is  extremely  difficult  to 
obtain  precise  measures  of  the  quantity  of  beat  absorbed 
by  water  during  its  conversion  into  steam*  Dn  Black 
endeavoured  to  ascertain  this  point,  by  comparing  tAe 
time  of  raising  its  temperature  a  certain  number  of  de*- 
grees,  with  the  time  of  boiling  it  entirely  away,  by  the 
same  externa,!  heat ;  and  he  found  that  the  latent  heat  in 
steam,  which  balanced  the  pressure  of  Che  atmoeph^re, 
was  not  less  than  800^.  He  also  directed  Dr«  Irvine  of 
Glasgow,  to  the  form  of  an  experiment  for  measuring  the 
heat  actually  extrieated  from  such  steam  during  its  con- 
densation in  the  refrigeratory  of  a  still,  wkich  was  found 
to  be  not  less  ttian  774^.  Mr»  Watt,  about  thd  saihe  tiwd, 
made  a  course  of  experiments,  with  greiit  precisite*  In 
1781,  he  determined  the  latent  beat  of  ateam,  aAd^r  fbe 
ordinary  pressure  of  the  atmospbere,  to  be  about  948*  or 
950«. 

Mr.  Watt   investigated    this  subject    eitpelrimeutally, 

which  he  describes  as  follows : — He  took  a  pipe  of  copper 

f  ths  oi  an  inch  diameter  inside,  i^th  of  an  inch  thick,  and 

five  feet  long,  having  three  inches  of  one  of  its  ends  bent 

16.  2y 
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downwards,  and  fixed  it  steam-tight  on  the  spout  of  a  tea- 
kettle, from  which  the  pipe  inclined  upwards,  so  that  the 
bent  end  was  about  two  feet  higher  than  the  spout  of  the 
kettle ;  and  a  cork,  perforated  with  a  hole  of  about  iVths  of 
an  inch  diameter,  kept  open  by  a  bit  of  quill,  was  fixed  in 
ChJB  opening  of  the;bept  end. 

The  tea-kettle  was  filled  with  water  till  it  stood  half 
way  up  the  spout;  the  lid  was  fixed  on  tight  with  some 
oatmeal  dough,  and  held  down  by  a  piece  of  wood  reach- 
ing up  to  the  handle.  A  tin  pan,  four  inches  deep  and 
six  inches  diameter,  had  3|  pounds  avoirdupob  of  water 
put  into  it,  which  filled  it. nearly  to  S|  inches  deep.  The 
water  was  weighed  very  accurately ;  the  tin  pan,  aqd  a 
disk  of  strong  paper  (oiled  with  linseed  oil,  and  dried  in 
a  stove,)  fitted  to  its  inside^  being  first  counterpoised  when 
they  were  quite  dry. 

The  pan  and  water  were  placed  upon  several  folds  of 
-flannel  on  a  stand,  and  the  extremity  of  the  cork  in  the 
bent  end  of  the  pipe  was  immersed  in  the  water.  The 
water  in  the  kettle  was  made  to  boil  for  some  time  before 
the  end  of  the  pipe  was  immersed  in  the  cold  water  in 
the  pan,  which  was  not  done  until  it  was  observed  that 
-no  water  dropped  from  it,  but  that  all  the  condensed  part 
of  the  steam  returned  by  the  inclined  tube  to  the  tea- 
kettle. 

When  the  end  of  the  tube  was  immersed  in  the  cold 
water  in  the  patf,  the  steam  issuing  from  it  was  condensed 
with  a  crackling  noise^  and  began  to  heat  the  water  iq 
contact  with  it.  The  water  being  constantly  stirred  with 
a  circular  motion,  the  heat  was  thereby  diffused  equably 
throughout  the  whole,  and  the  experiment  was  continued 
until  the'water  had  acquired  the  heat  of  from  7D*^  to  90% 
which  happened  generally  in  from  four  to  six  minutes. 
Immediately  after  the  thermometer  had  shewn  what  the 
heat  was,  which  was  in  less  than  half  a  minute,  the  water 
was  covered  by  the  disk  of  oiled  paper,  to  prevent  evapo- 
ration, which  would  otherwise  have  lessened  its  weight 
idnring  the  operation  of  weighing.  The  thermopieter 
^employed  became  stationary  in^about  10  sccpnfls» 
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When  the  expeiiments  were  finished,  the  tin  pan,  made 
quite  dry,  was  set  in  a  room  where  the  air  was  about  40", 
and  stood  there  for  half  an  hour;  when  it  was  thought  to 
have  acquired  the  heat  of  the  place,  two  pounds  of  water 
at  7&  were  then  poured  into  it,  and  the  heat  was  found 
to  be  75i^ 

Then,  for  354®  ^^^^  ^^^  pounds  of  water,  or  for  every 
44°  with  Si  pounds  of  water,  half  a  degree  must  be  al- 
lowed for  the  heat  absorbed  by  the  pan* 

The  heat  of  the  room,  when  the  experiments  were  made, 
was  generally  about  66®. 

Eleven  experiments  were  made  in  the  foregoing  man- 
ner, from  which  the  latent  heat  was  calculated  according 
to  the  following  example. 

Experiment  t. 

The  heat  of  the  water  in  the  pan^  on  beginning  the..9x« 
periment,  was  43.5®.  When  the  experiment  was  ended, 
the  heat  of  that  water  was  89.5®,  consequently  it  had  gained 
46®  from  the  steam  it  had  condensed.  The  weight  of  the 
water  on  commencing  the  experiment  was  2^  pounds  avoir- 
dupois, or  17,500  grains ;  after  the  experiment,  its  weight 
was  18,260  grains;  consequently,  it  had  gained  760  grains 
from  the  condensed  steam.  Thus,  multiplying  17,500 
grains  by  46®,  the  heat  received  from  the  condensed  steam, 
and  0.5®,  the  heat  absorbed  by  the  pana46.5®,  we  have 
813,750®,  which,  divided  by  760  grains,  the  weight  of  the 
water  which  in  the  state  of  steam  communicated  the  heat, 
we  have  1070®;  to  this  must  be  added  the  heat  retained, 
being  that  of  the  mixture,  89.5®,  which  produces  1159.5®, 
as  the  sum  of  the  sensible  and  latent  heat  of  the  steam; 
and  deducting  SIS®,  the  sensible  heat^  we  have  the  latent 
heat  947.6®. 

This  result^  with  those  of  the  other  ten  experiments, 
tried  and  calculated  in  the  same  manner,  are  shewn  in  the 
following  Table. 
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TABLE  VII. 


9 

9 
1 

H 

o 

& 


I. 


I. 

2. 
8. 

♦. 
6. 

6. 

7. 

8. 

9. 

10. 


I 


Iff 


IL 


Ontins. 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 

17,600 


III. 


43.6 
44.6 
44.6 

44.6 

47.6 

49 

47 

46 

46 

46 


1^ 


h 

s- 


IV. 


1 


Orafais. 

780 

70S 

999 

4^7.6 

369 

842 

688.6 

676 

8S0.6 

664.86 

97d 


V. 


89.6 
86.6 
98 
7a6 
67.26 
87 
84.6 
87.6 
96«5 
86.6 
109 


VI. 


Dee*. 

46.6 

42.6 

64 

^.6 

23 

40 

86 

41 

42 

41 

67.6^ 


r 


VIl 


} 

I 

a 


VI  u. 


U6&6 
1136.9 
1149.1 

1 175,6 

1158 

1 177.3 

1166 

1150.6 

1166.6 

1166^ 

1134 


947.6 

9249 

937.1 

963.Q 

946 

966.8 

943 

938  5 

964.6 

958.66 

9%^ 


The  average  of  these  experiments  gives  945^3°,  for  the 
latent  heat  of  steam. 

But  there  being,  according  to  Mr.  Wattes  account, 
several  causes  which  affect  their  results,  and  which  for 
the  most  part  tend  to  give  the  latent  heat  rather  less  thaii 
what  it  probably  was,  he  estimated  the  latent  heat  of 
steam  at  900^. 

Mr.  Watt,  being  dissatisfied  with  the  experiments  tried 
in  a  hasty  manner,  upon  the  latent  heat  of  distillation  in 
vacuo,  m.ade  other  experiments,  one  of  which  is  here 
described.     Ho  took  a  small  still  A,  surrounded  by  a  bal- 
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neum,  made  of  tin  plate^  in  tbe  form  annexed,  which 
communicated  by  a  pipe  with  the  two  double  cones  B  and 
C,  each  of  which  had  a  very  gmall  opening  ip  its  lower 
apex,  abut  air-tight  by  a  hwm  plug*  There  was  also  an 
opening,  shut  in  the  same  manner,  in  the  tube  at  D.  The 
conical  mouth  of  the  still  at  A,  was  shut  by  a  good  cork. 

A  pint  of  water  waa  poured  into  the  inside  vessel,  and 
as  much  into  the  outside  one.  The  whole  was  then  set 
upon  a  chafing-dish,  and  made  to  boil.  The  steam  was 
allowed  to  issue  at  B  and  C,  until  it  was  supposed  that 
all  the  air  was  expelled.  The  aperture  C  was  then  shut, 
and  just  immersed  in  a  vessel  of  water,  to  prevent  the  air 
from  entering.  The  steam  was  allowed  to  issue  some 
time  longer  at  B,  and  it  waa  also  shut,  and  immediately 
immersed  to  a  small  depth  in  water.  Cold  water  was 
then  poured  into  the  balneum,  so  as  tp  cover  the  orifice 
and  its  corlE.  A  degree  of  exhaustion  was  instantly  pro- 
duced in  the  internal  vea^el,  and  in  the  two  double  cones 
communicating  with  it.  The  double  oone  B  was  thea^ 
wholly  immersed  in  a  tin  pan,  six  inches  deep,  and  8f  inches 
in  diameter,  filled  with  cold  water  to  yithin  an  inch  of  its 
mouth.  Thia  water  weighed  190  oz.  6  dr.  40  gr.  troy 
weight,  or  6S,800  grains.  Its  heat,  at  the  beginning  of 
the  experiment,  was  53*,  (say  61.75®).  When  it  was  sup- 
posed a  sufficient  quantity  had  distilled  into  the  receiver 
B,  the  heat  of  the  water  in  the  refrigeratory  was  6P,  con- 
sequently  had  increased  9^,  (say  9v).  The  plug  at  D  waa 
withdrawn,  and  the  air  admitted.  The  refrigeratory  was 
removed,  and  the.  double  cone  B  being  wiped  dry,  its 
plug  was  withdrawn,  and  the  water  it  contained  let  out, 
its  heat  examined,^  and  then  weighed.  The  heat  was  63?, 
and  its  ^eight  was  lo2.  dlgrs.,  or  534  grains,  to  which 
6gr.  were  added  by  estimation,  ^fbr  water  adhering  to  the 
inside  of  the  cone ;  in  all,  540  grains.  The  heat  of  the 
water  in  the  balneum,  at  the  beginning  of  the  experiment, 
was  134"^,  and  at  the  end  158"";  consequently,  at  the  latter 
period,  about  one-third  part  of  air,  or  other  elastic 
vapour,  remained  in  the  still  and  receiver.  The  duration 
of  the  experiment  was  nine  minutes.    The  heat  of  the 
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chafing-dish  was  prevented  from  affecting  the  refrigera* 
tory  by  a  screen  of  bricks.  The  heat  af  the  air  in  the 
room  was  about  58^  The  do^uble  cone  B  weighed  lOCO 
grains,  and  as  it  was  of  13i?  of  heat  at  the  beginning,  and 
was  cooled  to  62®  by  the  refVigeratory,  it  lost  TS*.  Its 
specific  gravity  was  probably  about  seven  and  a  half  times 
that  of  water,  and,  conseq  uently,  its  bulk  that  of  w^$s:lS4.6 
grains  of  water,  and  its  capacity  for  heat  being  about 
three-fourths  of  that  of  the  same  bulk  of  water,  it  would 
contain  the  same  quantity  of  heat  as  about  101  grains  of 
water;  and  this  heat  not  being  communicated  by  the  con- 
densed steam,  contained  in  the  cone  at  the  end  of  the 
operation,  is  to  be  deducted  from  the  heat  acquired  by 
the  water  in  the  refrigeratory,  or,  which  is  the  same  thing, 
101  grains  are  to  be  deducted  from  its  weight. 
The  result  of  the  experiment  may  be  stated  as  follows; 

Oraint. 

Tbe^  weight  of  the  water  in  the  refrigeratory .'. . .     e%909  . 

Deduct  101  grains,  as  the  equivalent  for  tfiei  baMt  of  the  * 
cone    ...•• 101 

•  a 

RemaiBder. .  •  •  68609' 
Add  the  heat  absorbed  by  the  refrigeratory,  which  was 
of  tin  plate,  and  weighed  24}  ounces;  but  for  the 
wire  round  its  mouth,  and  other  parts  not. in  contact 
with  the  water,  Mr.  Watt  allowed  4}  oances,  leaving  ■ 
20  ouncesssin  bulk  to  about  1920  grains  of  water; 
but  its  capacity  for  heat  being  only  two-thirds  of 
that  of  water,  is  equal  only  to  980  grains  of  water, 
which  is  to  be  added  to  the  water  in  uie  refrigeratory        980 

Total  weight  of  the  water,  &c.  heated 1 . .     63679 

Which  multiplied  by  9.26"*  the  heat  acquired 689030".75 

And  divided  by  the  weight  of  the  condensed  steam= 

640  grains,  gives 1090".79 

To  which,  adding  the  heat  retained    • 62o 

Gives  Ihe  sum  of  the  sensible  and  latent  heat 1 152^.79 

Prom  which,  deducting  the  average  sensible  heat  of  the 
steam 146<' 

Gives  the  latent  heat  at  that  temperature 1006^79 


The  following  Table,  by  Dr.  Ure,  exhibits  the  latent 
heat  of  vapours. 
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TABLE  VIII. 

C«rT«ei«d  r«u 

Vapour  of  water,  at  its  boiling  point 967*  100<y> 

A I  cohoU  ftp.  gr.  BSi5 442  467 

Ether,  boiling  point  n2«   302.4  312i) 

Petroleum 1 77.8  1 83.8 

Oil  of  turpentine 177.8  183.8 

Nitric  acid,  sp.  gr.  1.434,  boiling  point  165°  ....  632  660 

Liquid  ammonia,  sp.  gr.  0.978 837.3  866.0 

Vinegar,  sp.  gr.  1.007 876.0  903 

Substances  in  the  state  of  gas  may,  by  simple  pressure 
and  the  abstraction  of  their  combined  heat^  be  reduced 
to  the  liquid,  or  even  to  the  solid  form.  Mr.  Faraday 
has  succeeded  in  condensing  the  carbonic  acid,  chlorine, 
ammoniacal,  and  several  other  gases,  into  perfect  liquids, 
by  great  mechanical  compression  and  artificial  refrigera- 
tion; and  several  of  those  substances,  which  exist  in  the 
liquid  state  under  the  ordinary  pressure  of  the  atmo- 
sphere, would  assume  the  gaseous  form,  if  that  pressure 
were  removed. 

On  investigating  this  subject  by  experiment,  it  is  found 
that  ether,  alcohol,  volatile  oils,  &c.  are  only  known  as 
liquids,  from  their  particles  being  kept  together  by  the 
pressure  of  the  atmosphere.  Any  of  these  substances,  or 
even  water,  relieved  from  such  pressure,  would  expand 
into  a  vapour. 

The  dependance  of  the  three  forms  which  any  body 
may  assume,  of  solid,  liquid,  or  gaseous,  on  the  quantity 
of  heat  diffused  among  its  particles,  has  been  already  no- 
ticed. The  effect  of  accidental  pressure,  however,  must 
also  be  considered,  as  its  influence  is  very  important;  for, 
while  heat  is  the  power  which  separates  the  atoms  in  the 
changes  mentioned,  it  has  to  overcome  both  the  mutual 
attraction  of  these  atoms,  and  the  force  of  the  atmosphere 
pressing  them  together,  if  in  an  open  vessel;  and  a  much 
greater  pressure  even  than  that,  if  the  substance  to  be 
separated  be  confined  in  a  close  vessel,  as  a  high-pressure 
boiler.  The  combined  influence  of  mutual  attraction  and 
atmospheric  or  mechanical  pressure,  is  illustrated  by  the 
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progress  of  the  change  of  a  liquid  into  an  aeriform  fluid^ 
in  the  process  of  boiling  and  evaporation. 

If  water,  in  a  suitable  vessel,  be  placed  over  a  cotamon 
fire,  or  over  the  flaipe  of  a  lamp^  and  heat  be  gradually 
communicated  to  it,  small  bubbles  of  aeriform  matter 
(which  in  water  is  called  steam)  are  seen  forming  at  the 
bottom  of  the  vessel,  and  successively  rising  to  the  sur- 
face, where  they  disappear  by  mixing  with  the  atmo* 
sphere ;  and  the  operation  being  continued,  the  quantity 
of  water  diminishes  with  every  bubble,  till  it  entirely  dis- 
appears in  the  form  of  vapour. 

This  change  takes  place  in  water,  under  common  cir« 
eumstances,  at  the  degree  of  heat  marked  S18®;  in  other 
substances,  it  takes  place  at  other  fixed  temperatures. 
The  relation  of  water  to  heat,  therefore,  is  such,  that  at 
219*  the  repulsive  power  is  just  sufficient  to  overcome 
both  the  natural  attraction  of  its  particles  and  the  coal* 
pressing  force  of  the  atmosphere,  equal  to  about  fifteen 
pounds  on  every  square  inch.  If,  however,  the  pressure 
of  the  atmosphere  be  diminished  or  removed,  a  less  degree 
of  beat  is  Sufficient  to  make  the  water  boil ;  and,  if  pres- 
sure be  increased,  greater  heat  is  required.  This  becomes 
evident,  when  it  is  considered  that  water  boils  on  the  top 
of  Mont  Blanc^  at  a  temperature  32^  lower  than  at  the 
bottom,  being  free  from  the  pressure  of  the  air  below  the 
level  of  that  mountain's  summit ;  and  at  all  intermediate 
heights,  in  descending  to  the  level  of  the  sea,  there  is  a 
corresponding  increase  of  the  boiling  temperature.  la- 
deed,  so  exactly  is  this  the  case,  that  the  heights  of  plaees 
are  ascertained  merely  by  observing  the  temperature  at 
which  water  boils  on  them.  .  While  water,  under  common 
atmospheric  pressure,  or  when  the  barometer  stands  at 
thirty  inches,  boils  at  S12^,  other  substances,  with  other 
relations  to  heat,  have  their  boiling  points  higher  or 
lower,  as  will  be  seen  by  the  following  Table. 
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TABLE  IX. 

SOLIDS  AND  LIQUIDS  VOLATILISED. 


Ether  boils 98 

Liqoid  ammonia  boils  140 

Camphor  sablimes 145 

Sulphur  evaporates   170 

Alcohol  boils 175 

Water  and  essential  oils  boil 212 

Phosphorus  distils 219 

Solution  of  muriate  of  lime  boils 230 

Nitrous  acid  boils 242 

Nitric  acid  boils 248 

White  arsenic  sublimes    283 

Metallic  arsenic  sublimes 540 

Phosphorus  boils    554 

Oil  of  turpentine  boils 816 

Sulphur  boils 570 

Sulphuric  acid  boils 570 

Linseed  oil  boils,  and  sulphur  sublimes 640 

Mercury  boils 644 

The  practical  engineer  will  find  a  convenience  in  hav 
ing  ready  reference  to  the  temperatures  at  which  liquids 
become  solid,  or  solids  liquid,  and  with  that  view  the  fol- 
lowing Table  has  been  inserted. 


if 


TABLE  X. 


Freezing  Temperaturee  of  Liquids^  which  are  alto  the  Melting  Potnis 

of  Solids. 


Strongest  nitric  acid — 55 

Ether  and  liquid  ammonia — 46 

Mercury — 39 

Sulphuric  acid — 36 

Acetous  acid — ^22 

Alcohol  2,  water  1 — 1 1 

Brandy — 7 

Strongest  sulphuric  acid I 

Oil  of  turpentine 16 

Strong  wines 20 

Fluoric  acid 23 

Oils,  bergamot  and  cinnamon  23 

Human  blood    25 

Vinegar 28 

Milk 30 

Ozymnriatic  acid. . • ; ^ 32 

Water    ...   32 

Olive  oil 86 

Solphnric  acid,  sp.  gr.  1.78 46 

16.  2  z 


854  FREEZING   AND  MELTING  T£IIPBRATU&Sf« 


Dae 

Oil  of  aniseed 66  to  64 

Lard 97 

Phosphorus \ 90 

Myrtle  wax 109 

Spermaceti • 1  IS 

Tallow 117 

Bees*  wax    .* 140 

Bismuth  6  parts,  tin  3,  lead  ft 212 

Sulphur   , 210 

Tin  and  bismuth,  equal  parts 283 

Camphor • 303 

Tin  SJead  2,  or  tin  2,  bismuth  I    8S4 

Tin    427 

Tinljcad4 460 

Bismuth 476 

Lead i 582 

Zinc i 680 

Antimony    800 

Brass    3800 

Copper: « 4587 

Silver 4717 

Gold 5237 

Cobalt ; 17977 

Nickel 20677 

Soft  nails 21097 

Iron 21637 

Manganese , 21877 

Platinum,  tungsten,  motybdenai  uramum,  titanimn  28177  ! 

It  is  in  consequence  of  different  substances  requiring  ' 

different  degrees  of  heat  to  produce  repulsion  enough  to 
raise  their  particles  against  the  atmospheric  resistance,  that 
the  distiller  is  enabled  to  separate  the  spirituous  from  the  ! 

aqueous  particles  of  any  mixture.  At  180^,  for  instance, 
the  spirit  will  lea^e  the  water,  and  pass  off  in  vapour,  ^ 

which  may  then  be  collected  and  condensed  in  a  fit  re- 
ceiver. Distillation  is  the  best  means  we  possess  of  sepa-  I 
rating  ipany  substances  from  each  other;  as  spirit  from 
water,  water  from  acids,  water  itself  from  its  impurities, 
and  mercury  from  gold  which  it  has  served  to  dissolve 
from  among  the  impurities  of  the  mine. 

By  means  of  an  air-pump,  to  exhaust  the  air  on  one 
hand,  and  of  the  condensing  syringe,  to  condense  it  on  the 
other,  all  the  facts  depending  on  the  atmospheric  pres- 
sure, and  its  increase  or  diminution,  may  be  familiarly 
illustrated.  Thus  water,  not  heated  by  several  degrees 
to  the  boiling  point  of  ordinary  low  situations,  but  which 
would  boil  at  the  top  of  high  mountaias,  is  iHide  to  boil 
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immediately  under  the  receiver  of  an  air-pump,  on  tlie 
removal  of  pressure  by  a  few  strokes  pf  the  piston ;  and, 
if  the  exhaustion  be  rendered  <^omplete^  the  winter  will 
boil  even  when  under  blood  heat ;  and  at  any  tampera- 
ture,  however  low,  water  in  a  vacuum  assumes  rapidly 
the  form  of  vapour;  but,  in  siieb  cades,  without  exhibit- 
ing the  violent  agitation  of  boiling,  Otb^r  liquids,  ae 
spirits,  ether,  &c.  requiring  a  less  quantity  of  heal  to  sepa- 
rate  their  atoms  to  repulsive  distances,  boil  usder  the 
receiver  of  an  air«pump  at  very  low  temperatures.  Kther 
boils  when  as  cold  as  freesing  water. 

On  the  other  hand,  if  the  atoms  of  liquids  be  con&nod 
still  more  than  by  a  common  atmospheric  or  equivalent 
pressure,  several  degrees  of  heat  above  the  common  boil- 
ing point  will  be  required  to  separate  them.  In  a  diving 
bell,  immersed  in  water  sixty-eight  feet  below  the  surface^ 
the  boiling  point  of  water  is  272°  instead  of  212°;  and  at 
all  other  depths,  it  varies  according  to  the  pressure.  At 
the  surface  of  the  earth,  if  water  be  heated  in  a  close  ves- 
sel, in  which,  by  condensation,  air  exerts  a  pressure  of 
thirty  pounds  on  the  inch,  instead  of  fifteen  pounds,  aa  in 
the  ordinary  atmosphere,  or  from  which  the  steam  is  pre- 
vented from  escaping  until  it  has  acquired  the  force  of  a 
double  atmosphere,  the  heat  must  be  raised  in  a  corres- 
ponding proportion  beyond  212^,  before  the  liquid  boils* 
Under  a  very  strong  pressure,  water  may  be  rendered 
almost  red  hot ;  but  the  power  with  which  the  atoms  are 
then  tending  to  repel  each  other,  occasions  an  almost 
irresistible  force  of  expansion,  arid  a»  soon  as  the  pressure 
is  removed,  a  portion  of  it  flashes  into  steam  and  escapes^ 
carrying  with  it  a  large  portion  of  water,  in  a  highly- 
divided  state. 

The  determination  of  the  elastic  fbrise  of  steam  of  dif- 
ferent degrees  of  temperature,  is  of  the  greatest  import- 
ance to  the  pi'acticad  engineer,  and  the  subject  has  con^ 
sequently  undergone  much  investigation,  both  by  ablo 
mathematicians  and  accurate  experimentalists.  Mr. 
Creighton,  Mr.  Southern,  Dr.  Young,  Mr.  Tredgold, 
and  Mr.  Ivery,  have  severally  undertaken  the  inquiry. 
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with  a  view  to  deduce,  from  the  best  expet  iments,  a  rule 
by  which  the  force  of  steam  at  any  tempeiature,  or  the 
temperature  corresponding  to  any  g^ven  force  of  steam, 
could  be  determined. 

The  following  rule,  given  by  Mr.  Tredgold,  is  more 
simple  than  any  of  the  others,  and  the  correspondence 
between  its  results  and  the  best  experiments,  shows  it  to 
be  sufficiently  accurate  for  all  practical  purposes. 

The  temperature  in  degrees  of  Fahrenheit's  thermo- 
meter, increased  by  100,  divided  by  177,  and  raised  to  the 
sixth  power,  will  give  the  force  of  the  steam  in  inches  of 
mercury;  thus- 
Let  the  given  temperature  be 907*,  then  ( — j^^)  =2.3^, 
or  2.3x2.3x2.3x2.3x25x2.3—148.035889,  the  force  of 
the  steam  in  inches  of  mercury,  which  corresponds,  within 
two  tenths  of  an  inch,  with  the  force  determined  experi- 
mentally,  and  given  in  the  subjoined  table.  This  arith- 
metical computation  may  be  much  shortened  by  the  use 
of  logarithms,  for  the  diflPerence  between  the  logarithm  of 
the  given  temperature  increased  by  100,  and  that  of  177, 
being  multiplied  by  6,  will  be  the  logarithm  of  the  force 
of  the  steam,  thus — 

307+100=407    Log  =2.6096044 
177    Log.=2.2479733 


•  -'    ^    • 


-3616211 
6 


Force  of  steam,  U7.82    Log.  2.1697266 

This  is  about  .2  of  an  inch  less  than  the  other  result;  a  dif- 
ference which  is  to  be  accounted  for,  from  2.3  being  some- 
what greater  than  the  quotient  of  fff. 

When  the  forM  of  the  steam  is  given,  to  find  the  tem- 
perature, these  operations  of  course  must  be  reversed. 
The  logarithm,  for  instance,  of  the  force  of  the  steam  in 
inches  of  mercury,  divided  by  six,  and  increased  by  the 
logarithm  of  177,  will  be  the  logarithm  of  the  tempera- 
ture added  to  100. 

The  experiments  of  Mr.  Watt,  Mr.  Dalton,  Dr.  Robi- 
son,  Mr.  Southern,  Dr.  Ure,  Mr.  Arsherger,  and  Mr. 
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Philip  Taylor,  have  all  been,  of  great  service  in  deter- 
mining this  question ;  but  those  of  Mr.  Dalton  and  Mr. 
Taylor,  being  the  most  complete  and  extensive,  are  given 
in  the  following  Table,  the  first  part  of  which,  up  to  S12**, 
is  the  result  of  Mr.  Dalton's  experiments,  and  the  latter 
part  is  the  result  of  those  of  Mr.  Philip  Taylor. 


TABLE  XI. 

Showing  the  EUuHc  Force  of  Steam^  from  32  to  320  Degrees  of  Tern- 

perature» 


h 

Force  in 

Force  ia 

Force  in 

h 

e  *^ 

Force  in 

p 

inchei  of 
mercury. 

iuches  of 
mercury. 

0.S 

g5 

incbe«  of 
mercury. 

inches  of 
mercury* 

H 

H 

H 

H 

32 

0.200 

71 

0.745 

110 

2.53 

149 

7.23 

33 

0.207 

72 

0.770 

111 

2.60 

150 

7.42 

34 

0.214 

73 

0.796 

112 

2.68 

151 

7.61 

35 

0.221 

74 

0.823 

113 

2.76 

152 

7.81 

36 

0.229 

75 

0.851 

114 

2.84 

153 

8.01 

37 

0.237 

76 

0.880 

115 

2.92 

154 

8.20 

38 

0.245 

77 

0.910 

116 

3.00 

155 

8.40 

39 

0.254 

78 

0.940 

117 

3.08 

156 

8.60 

40 

0.263 

79 

0.971 

118 

3.16 

157 

8.81 

41 

0.273 

80 

1.00 

119 

3.25 

158 

9.02  - 

42 

0.283 

81 

1.04 

120 

3.33 

159 

9.24 

43 

0.294 

82 

1.07 

121 

3.42 

160 

9.46 

44 

0.305 

83 

1.10 

122 

3.50 

161 

9.68 

45 

0.316 

84 

1.14 

123 

3.59 

162 

9.91 

46 

0.327 

85 

1.17 

124 

3.69 

163 

10.15 

47 

0.338 

86 

1.21 

125 

3.79 

164 

10.41 

48 

0.350 

87 

1.24 

126 

3-89 

165 

10.68 

49 

0.362 

88 

1,28 

127 

4-00 

166 

10.96 

50 

0.875 

89 

1.32 

128 

4.11 

167 

11.25 

51 

0.388 

90 

1.36 

129 

4.22 

168 

11.54 

52 

0.401 

91 

1.40 

130 

4.34 

169 

11.83 

53 

0.415 

92 

1.44 

131 

4.47 

170 

12.13 

54 

0.429 

93 

1.48 

132 

4.60    - 

171 

12.43 

55 

0.443 

94 

1-53 

133 

4.73 

172 

12.73 

56 

0.458 

95 

1.58 

134 

4.86 

173 

13.02 

57 

0.474 

96 

1.63 

135 

5.00 

174 

13.32 

58 

0.490 

97 

1.68 

136 

5.14 

175 

13.62 

59 

0.507 

98 

174 

137 

5.29 

176 

13.92 

60 

0.524 

99 

1-80 

138 

5.44 

177 

14.22 

61 

0.542 

100 

1-86 

139 

5.59 

178 

I4.5ti 

62 

0.560 

101 

1-92 

140 

574 

179 

14.85 

63 

0.578 

102 

1.98 

141 

5.90 

180 

15.15 

64 

0.597 

103 

2.04 

142 

6.05 

181 

15.50 

65 

0.616 

104 

2.11 

143 

6.21 

182 

15.86 

66 

0.635 

105 

2.18 

144 

6.37 

188 

16.23 

67 

0.655 

106 

2.25 

145 

6.53 

184 

16.61 

68 

0.675 

107 

232 

146 

6.70 

185 

17.00 

60 

0.698 

108 

2.39        1 

147 

6.87       E 

186 

17.40 

70 

0.721 

109 

2-46 

148 

7.05       1 

187 

17  80 

a5s 
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h 
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II 
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H 
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Inehet  of 
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inehes  of 

incliei  nf 

mercury. 

nercury. 

mercury. 

mercury. 

Fi 

h 

H 

288 

188 

18.20 

222 

36.20 

255 

64;49 

iie.8;) 

189 

18.60 

323 

37.00 

256 

•5.50 

289 

112.65 

190 

19.00 

234 

37.50 

257 

66.60 

290 

114.50 

191 

19.42 

235 

d8.00 

258 

67.75 

3M 

116.40 

192 

19.86 

226 

38.80 

259 

69.00 

292 

118.30 

193 

20.32 

227 

39.50 

260 

70.13 

293 

130.25 

194 

20.77 

228 

40^30 

261 

71.35 

294 

122.20 

195 

21.22 

229 

40.85 

262 

73.45 

295 

124.15 

196 

21.68 

230 

41.55 

263 

73.53 

296 

126.05 

197 

22.13 

231 

42*25 

264 

74.80 

3d7 

128.00 

198 

22.69 

233 

43-00 

265 

76.C0 

298 

129.80 

199 

23.16 

233 

43.75 

266 

77.35 

299 

131.63 

200 

23.64 

234 

44-60 

267 

78.50 

300 

133.75 

201 

24.12 

235 

4550 

268 

70.80 

301 

135  60 

202 

24.61 

236 

46.40 

269 

81.14 

303 

137.55 

203 

25.10 

237 

47-30 

270 

82.50 

303 

139.75 

204 

25.61 

238 

48.20 

271 

83.90 

304 

141.90 

205 

26.13  > 

239 

49.10 

272 

85-45 

305 

144.05 

206 

2666 

240 

50.00 

273 

86.95 

806 

146.15 

207 

27.30 

241 

50.90 

274 

88-50 

307 

148.30 

208 

2774 

242 

51.75 

275 

90.00 

308 

150.65 

209 

28-29 

243 

53.63 

276 

91.55 

309 

152.70 

210 

•28.84 

244 

53.50 

277 

93.15 

310 

155.00 

211 

20-41 

245 

54.40 

278 

^4-70 

311 

157.20 

212 

30-00 

246 

55.30 

279 

96.26 

313 

159.4f 

213 

30*59 

247 

56.25 

280 

97.75 

313 

161.75 

214 

31.19 

248 

57.20 

281 

9925 

dl4 

164.20 

215 

31.80 

249 

58.20 

282 

100.70 

315 

166.70 

216 

32.40 

250 

5913 

283 

102-20 

316 

169.15 

217 

33.00 

251 

60-10 

284 

108-80 

317 

171.70 

218 

33  70 

252 

6113 

285 

105-60 

318 

174.90 

219 

34.20 

253 

6215 

286 

107.30 

319 

176.60 

220 

35.00 

254 

63-20 

287 

109.00 

320 

179.40 

221 

35.50 

The  foregoing  rules  and  table  apply  only  when  pure 
water  is  used,  and  as  there  are  numerous  instances  in 
which  engines  are  worked  by  steam  from  salt  water,  it 
becomes  necessary  for  practical  men  to  have  the  means  of 
readily  determining  the  elastic  force  of  steam  from  water 
impregnated  with  different  proportions  of  salt.  The  pro- 
portion of  salt  in  a  boiler  supplied  with  sea  water,  will 
continue  to  increase  during  the  evaporation,  until  the 
water  becomes  saturated,  and  contains  H  of  salt;  when 
the  elastic  force  of  the  steain  at  the  temperature  of  d07« 
will  be  113.38,  which  is  less  by  34.44  inches  of  mercury, 
than  the  force  of  steam  from  pure  water,  as  calculated 
at  page  S56. 


FORCE  OF  STEAM  FIIOM  SALT  WATER. 


359 


To  facilitate  the  cdtoiptitatians  of  the  force  of  steam 
from  water  of  different  degrees  of  saltness,  a  table,  with 
the  boiling  temperature,  and  the  constant  numbers  to  be 
used  as  divisors  instead  of  177,  is  subjoined.  The  propor-* 
tion  of  saltness  can,  in  all  cases,  be  obtained  from  the  spe* 
cific  gravity  of  the  water. 


TABLE  XII. 

» 

Exhibiting  the  Temperature  at  which  Water  containing  different propovm 
tions  of  Salt  both,  and  the  Numbers  to  be  used  in  calculating  the  forct 
of  Steam  therefrom. 


Propprtion  of  aaU. 

Boiliiiff  pointit. 

Number  for 
ealcuJatiag. 

Common  water.  .  .  • 
Sea  water -^ 

h 

h 

Saturated  $oIution  j4 

212* 
213.« 
214.4 
215.5 

216.7 

2*7.9 

219 

220.2 

221.4 

222.5 

223.7 

224.9 

226 

177 
177.6 

1783 

179 

179.7 

180.4 

181 

181.6 

182.3 

183 

183.6 

184.3 
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On  the  subject  of  the  conducting  powers  of  different 
bodies  fbr  heat,  Colonel  Sir  B.  Thompson  and  M.  Des* 
pretz  have  made  many  experiments.  In  examining  the 
conducting  power  of  air,  and  of  various  other  fluid  and 
solid  bodies,  with  regard  to  heat,  the  Colonel  was  led  to 
investigate  the  conducting  power  of  a  Torricellian  va«> 
cuum.  From  the  striking  analogy  between  the  electric 
fluid  and  heat,  respecting  their  conductors  and  non-con- 
ductors, (having  found  that  bodies  in  general,  which  are 
conductors  of  the  electric  fluid,  are  likewise  good  con- 
ductors of  heat ;  and,  on  the  contrary,  that  electric  bodies, 
or  such  as  are  bad  conductors  of  the  electric  fluid,  are 
likewise  bad  conductors  of  heat,)  he  was  led  to  imagine 
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that  the  Torricellian  vacuum,  which  is  known  to  afford 
so  ready  a  passage  to  the  electric  fluid,  would  ako  have 
afforded  a  ready  passage  to  heat.  The  common  experi- 
ments of  heating  and  cooling  bodies  under  the  receiver  of 
an  air-pump,  he  concluded  inadequate  to  determine  this 
question,  not  only  on  account  of  the  impossibility  of 
making  a  perfect  void  of  air  by  means  of  the  pump,  but 
also  on  account  of  the  moist  vapour  which,  exhaling 
from  the  wet  leather  and  the  oil  used  in  the  machine,  ex- 
pands under  the  receiver,  and  fills  it  with  a  watery  fluid, 
which,  though  extremely  rare,  is  yet  capable  of  conduct* 
ing  a  great  deal  of  beat;  he  had  recourse,  therefore,  to 
other  contrivances 

It  appears  that  the  Torricellian  vacuum,  which  affords 
so  ready  a  passage  to  the  electric  fluid,  so  far  from  being 
a  good  conductor  of  heat,  is  a  much  worse  one  than  com- 
mon air,  which  of  itself  is  reckoned  among  the  worst:  for, 
when  the  bulb  of  the  thermometer  was  surrounded  with 
air,  and  the  instrument  was  plunged  into  boiling  water, 
the  mercury  rose  from  18®  to  S7®,  in  45  seconds;  but  in  the 
former  experiment,  when  it  was  surrounded  by  a  Torri- 
cellian vacuum,  it  required  to  remain  in  the  boiling  water 
1  minute,  30  secondsa*^  seconds,  to  acquire  that  degree 
of  heat.  In  the  vacuum,  it  required  five  minutes  to  rise 
to  48tV9  but  in  air  it  rose  to  that  height  in  2  minutes  40 
seconds;  and  the  proportion  of  the  times  in  the  other  ob- 
servations was  nearly  the  same. 

It  appears  from  other  experiments,  that  the  conducting 
power  of  air  to  that  of  the  Torricellian  vacuum,  under 
the  circumstances  described,  is  as  1000  to  702,  nearly ;  for 
the  quantity  of  heat  communicated  being  equal,  the  in- 
tensity of  the  communication  is  inversely  as  the  times. 

By  others,  it  appears  that  the  conducting  power  of  air 
is,  to  that  of  the  Torricellian  vacuum,  as  9ii  to  16^  in- 
versely, or  as  1000  to  COS. 

Taking  now  the  conducting  powers  of  mercury^lOOO^ 
the  conducting  powers  of  the  other  media,  as  determinea 
by  these  experiments,  will  be  as  annexed,  viz. 
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Mercury •..* • 1000 

MdUt  air 330 

Water 842 

Common  air.  density  =  I    ...« 80} 

Rarefied  air,  densityni  80| 

Hareiled  air,  density ss-^ 73 

The  Torricellian  vacuum. ••• • 66 

And  in  tliese  proportions  is  the  quantity  of  heat  wbicli 
\bese  different  madias  are  capable  of  transmitting  in 
any  given  time;  and,  consequently,  tbese  numbers  ex- 
press the  relative  sensible  temperatures  of  the  media,  as 
-well  as  their  conducting  powers. 

Comparative  Power  of  various  Substances  for  conducting 

Heat. 

From 'a  series  of  experiments  very  carefully  conducted, 
M.  Despretz  has  obtained  the  following  results* 

Gold 1000.0 

SiWer 973.0 

Platina   981.0 

Copper ..• 808.S 

Iron 874.3 

Zinc     363.0 

Tin 803.9 

Lead    179.6 

Marble 23.6 

Porcelain    18.2 

Firebricks ...••...•       11.4 

All  the  bars  used  were  square  prisms.  Cavities  were 
made  in  them  at  equal  distances  of  10  centimetres,*  to  re- 
ceive the  bulbs  of  small  thermometers.  The  side  of  the 
section,  except  for  the  two  last  bodies  in  the  list,  was 
equal  to  21  millimetres.t  The  bars  were  covered  with  the 
same  varnish,  to  give  them  an  equal  radiating  power. 
The  bar  experimented  with,  was  heated  at  one  extremity 
with  a  small  stove,  whieh  had  the  advantage  of  being 
governed  readily,  and  of  causing  but  little  heat  in  the 
place.  The  temperature  of  the  air  was  ascertained  by 
a  sensible  thermometer,  and  it  was  found  easy  to  make  it 


"  A  centimetre  ts=.39871  of  an  English  incL. 
t  A  millimetre  ls-.s.08937  ditto. 

16.  3  A 
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nearly  uniform  for  the  whole  of  an  experiment*  Each 
experiment  continued  six  hours,  and  it  was  only  after  two 
or  three  hours  that  all  the  thermometers  became  sta- 
tionary. The  thermometer  nearest  to  the  source  of  heat 
acquires  the  temperature  at  which  it  is  to  be  retained 
stationary,  and  then  the  heat  is  managed  so  that  it  shall 
not  rise  nor  fall  by  that  ipstrument  until  the  experiment  is 
finished. 

Wood  conducts  so  feebly,  that  a  bar  of  21  nullimetries 
does  not  become  sensibly  heated,  a  few  centimetr^^  from 
one  of  its  extremities,  so  far- raised  in  temperature  a»  to 
carbonise  the  substance. 

Heat  in  Flues. 

Numerous  experiments  have  lately  been  made  in 
France,  for, ascertaining  the  laws  regulating  the  rapidity 
with  which  hot  air  passes  through  flues,  &c.  The  results 
appear  to  be^ — first,  that  flues  oppose  to  the  passage  of 
hot  air,  a  resistance  proportioned  to  the  length  of  the 
pipe,  the  square  of  the  rapidities,,  and  in  an  inverse  ratio 
to  the  diameter: — secondly,  that  the  co-efficient  of  fric- 
tion, is  not  the  same  with  reference  to.  .different  sub- 
stances:— thirdly,  that  by  narrowing  the  inferior  orifice 
of  a  flue,  the  body  of  air  passing  through  diminishes 
solely  in  proportion  to  the  diameter  of  the  orifice,  and, 
consequently,  that  the  rapidity  in  the  orijGlce  itself^  in- 
creases in  an  inverse  ratio  to  its  diameter.  The  two  last 
results  are  capable  of  numerous  applications  to  the.  useful 
arts. 

It  now  appears,  that  the  diameter  of  the  chimney  is 
also  a  powerful  element  in  draught;  limited,  when  the 
superior  orifice  is  fixed,  indefinite  when  it  i9  npt.so;  and 
this  element  costs  very  little  expense. 
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SECTION  II. 

ON  STBAM  ENGINE  BOILER& 

It  18  a  curreniopiiuoB/ among  engineers,  that  so  much 
has  already  been  done  towards  perfecting  the  steam  en- 
gine, that  there  remains  ye^y  little  more  to  efiect  in  its 
improTonient,  and,  consequently,  that  the  efforts  of  the 
mechanic  and  the  man  of  science  would  be  more  profitably 
directed  towards  improving  the  constroction  of  the  beiler, 
or  apparatus  for  generating  the  steamer 

As  steam  appears  to  be  simply  water  in  a  highly  rare- 
fied state,  produced  by  the  repulsive  power  of  heat  in- 
sinuating itself  between  its  particles,  it  follows  that  a 
given  quantity  of  heat  can  only  convert  a  given  quan- 
tity of  water  into  steam,  no  matter  under  what  form  of 
apparatus  the  heat  be  applied,  provided  it  be  made  to 
enter  the  water.  That  boiler  is  therefore  the  best  for 
genial  purposes,  in  which  the  least  portion  of  the  heat 
given  out  by  the  fuel  is  wasted;  or,  (in  other  words)  that 
by  which  the  greatest  quantity  of  hl^at  is  made  subservient 
to  the  production .  of  steam^  But  as  a  draught  of  air 
through  the  grate  to  the  chimney  is  necessary  to  combus- 
tion, some  loss  of  heat  from  this  cause  appears  to  be  un- 
avoidable ;  and  to  reduce  this  less  to  its  minimum,  ought 
to  be  one  of  the  principal  djbjects  in  the  construction  of  a 
steam  boilen  This  object  is  best  attained  by  causing  as 
much  as  possible  of  the  heated  air  to  impinge  upward  on 
the  under  Surface  of  the  boiler;  as,  from  the  tendency  of 
heat  to  rise,  tjhe  lateral  effect  of  it  is  very  little,  and  the 
downward etkci  still  less: — these  remarks^  however,  only 
apply  to  boilers  of  the  common  forms. 

Now,  as  the  heat  is  to  be  transmitted  through  the  sub- 
stance of  the  boiler  to  the  water,  it  is  of  essential  import- 
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ance  that  the  material  of  which  the  boiler  is  constructed 
should  be  the  best  conductor  of  caloric ;  for  this  reason, 
copper  is  greatly  superior  to  iron^  but  the  latter  general! y 
obtains  a  preference  on  account  of  its  smaller  cost ;  and 
possibly,  with  some  persons,  on  the  ground  that  iron 
possesses  greater  tenacity  or  cohesive  strength  than 
copper* 

We  are,  however,  disposed  to  think  that  true  economy 
would  be  best  attained  by  the  employment  of  copper 
boilers,  for  several  reasons.  First,  as  respects  the  cost 
price;  the  labour  of  working  copper  and  iron  being 
nearly  alike,  need  not  be  taken  into  account;  the  diflfer- 
ence  of  cost,  therefore,  lies  only  in  the  relative  value  of 
the  two  metftis,  the  iron  being  two-pence  per  pound  and 
the  copper  twelve-pence.  Bat  when  an  iron  boiler  is 
worn  out,  the  old  metal  is  scarcely  worth  the  expense  of 
removal,  while  the  old  metal  of  a  copper  boiler  is  worth 
ten-pence  per  pound  (two*pence  per  pound  being  the 
price  charged  at  the  mills  for  converting  old  copper  into 
new);  ten-pence  per  pound  being  thus  returned*  to  the 
purchaser,  the  money  actually  sunk  is  not  more  than  in 
the  ease  of  the  iron. 

The  experiments  of  various  philosophers  have  shown 
that  iron  possesses  greater  cohesive  strength  than  copper; 
the  average  of  their  calculations  (as  they  vary  considera- 
bly,)  will  make  the  difference  of  strength  about  one-third; 
but  owing  to  the  greater  uniformity  of  the  crystalline  or 
fibrous  arrangement,  and  greater  freedom  from  flaws, 
copper  is,  to  a  certain  extent,  more  to  be  depended  upon 
than  iron  plates,  in  the  state  they  are  received  from  the 
mills.  At  least,  this  view  of  the  subject  is  entertained 
and  acted  upon  by  manufacturers,  who  uniformly  make 
copper  boilers  of  much  thinner  plates  than  those  of  iron, 
for  producing  steam  of  the  same  pressure.  Experience 
has,  we  believe,  established  this  as  a  rule,  probiaibly  from 
observing  that  when  a  copper  boiler  bursts,  it  only  iiBars^ 
open,  while  a  wrought-iron  boiler  is  often  blown  to  pieces^ 
destroying  every  thing  in  its  way ;  this  circumstance  re* 
duces  the  first  cost  of  the  copper. 
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By  a  reference  to  the  table  of  the  comparative  con- 
ducting power  of  various  substances,  at  page  961,  it  will 
be  seen  that  the  advantages,  in  this  respect,  of  copper,  are 
so  great  as  to  entitle  it  to  a  decided  preference ;  espe- 
cially for  locomotion,  in  which  a  reduction  of  bulk  and 
weight  is  of  the  utmost  value.  An  iron  boiler,  of  the  same 
thickness  as  a  copper  one,  will  require  more  fuel  to  pro-> 
dnte  the  same  eflfect  or  quantity  of  steam  in  a  given  time ; 
fo^  it  is  evident  that  a  portion  of  the  heated  matters  that 
impinge  upon  the  surface  of  a  copper  boiler  is  not  taken 
up  by  it,  and  as  the  conducting  power  of  iron  is  less,  a 
greater  quantity  of  the  products  of  the  fuel  must  pass  off 
misapplied,  or  wasted.  Although  we  are  furnished  with 
the  ratio  of  the  conducting '  powers  of  the  two  metals, 
we  are  still  unable  to  estimate  precisely  their  relative 
practical  advantages;  for,  if  the  time  which  elapses  be« 
tween  the  heated  air  impinging  against  the  bottom  of  the 
boiler,  and  its  entering  the  chimney,  be  greater  than  the 
time  which  the  caloric  would  occupy  in  passing  through 
an  iron  boiler,  it  follows  that  the  effects  would  not  be  in 
the  same  ratio  as  the  conducting  powers  of  the  metals. 

The  rupturing  of  vessels  exposed  to  beat  is  owing  not 
unfrequently  to  the  unequal  expansion;  and  for  that 
reason,  the  thicker  their  substance,  the  greater  their  lia- 
bility to  fracture.  The  thin  glass  oil-itask  withstands  the 
heat  of  an  argand  lamp,  but  thick  glass  vessels  infallibly 
l)reak;  this' arises  from  glass  being  nearly  the  worst  con- 
ductor of  heat,  the  heated  part  expanding,  while  the  cool 
parts  do  not,  a  separation  takes  place.  Cast-iron  boilers 
often  burst  from  the  same  cause;  wrought-iron  boilers, 
being  better  conductors  of  beat,  are  safer  than  cast-iron ; 
and  copper  boilers  are,  for  the  same  reason,  preferable  to 
wrought-iron.  Our  limits  prevent  us  from  entering  so 
fully  into  these  points  as  we  could  wish,  but  the  advan- 
tages of  copper  boilers  over  iron  are,  we  think,  sufficiently 
apparent,  from  the  foregoing  considerations. 

In  the  construction  of  boilers  generally,  the  bottom  sur- 
face should  be  of  sufficient  extent  to  be  capable  of  ab- 
sorbing as  much  heat  as  will  be  necessary  to  produce  the 
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required  quantity  of  Rteam;  wbat  lilUe  heat  may  be  given 
out  laierally,  aarviag  to.jureveat  oottdensaticA  in  the  upper 
pavt^ofithe  Teasel  (or  vessels);  and  4be  smoke,  before  it 
peases  up- theehioiaeyy  skould  be  robbed  as  moch  as  poe- 
sible  4>f.it8  beai^  by  being  brought  inio  *oontact  with  the 
eonduit  pipe^  by  whick  die  boiler  is  auppUed  with  eold 
water.  j  ;. . 

There  is  a .  considenEible  c  waate  of  fuel  in  produeiag 
steam  by  intensity  of  heat  upon  «  small  soffaoe;  the  ap- 
plieation  of  a  moderate  heat  (800^  Fahrenheit)  upon  a 
large  surface,  being.  &r  more  economical.  A  cubic  foot 
of  waier  eon  verted  into  steam  per  hour,  bos  been  reckoned 
as  eqttfvftlent  to  one  horse's  power ;  and  Mr.  Watt  has 
obasrvedy  that  this. quantity  of.  steam  cauld  be  raised  per 
hour  by  eight  feet  of  suhbce^of  boiler,  in  a  judiciously 
constructed  fUanace.  In  practice,  it  is  usual  to  allow 
from  four  to  five  feet  of  bottom  surface  of  boiler,  to  raiae 
one  cubic  foot  of  water  into  steam  p^r  hour. 

It  is  considered  essential  that  a  boiler  should  contain 
four  or  five  times  as  much  water  as  it  boils  off  per  hour; 
and  it  is  obvious  that  it  should  have  a  space  above  the 
water,  capable  of  containing  as  much  steam  as  will  supply 
the  engine  at  each  stroke,  without  materially  diminishing 
its  elastic  force ;  for  this  purpose,  the  steam  room  should 
hold  a  volume  equal  to  the  supply  of  eight  or  ten  strokes 
of  the  engine. 

In  large  engines,  it  id  usual  to  employ  two,  three,  or 
more  boilers  to  supply  them  with  steam;  one  of  them  be- 
ing reserved  for  use,  in  case  of  repairs  being  required  to 
the. others.  In  fact,  a  spare  boiler  should  be  provided, 
wherever  stoppages  are  of  serious  importance  in  a  con- 
cern;  for  this  reason,  there  are  two  boilers  to  only  a  ten- 
horse  engine,  at  the  London  Portable  Gas  Works,  each 
boiler  being  used  alternately. 

The  strength  of  high-pressure  boilers  should  be  at  least 
three  times  the  regulated  pressure  on  the  safety  valve; 
for  law-pressure  boilers,  a  strength  equal  to  twice  the 
pressure  on  the  safety  valve  may  be  deemed  sufficient. 

There  are  many  other  circumstances,  in  the  construction 
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of  a  boiler,  that  should  be  takeo  into  congideration ;  bat 
BB  the  limits  of  thia  treatise  preclude  our  ealargin|^  upon 
thig  head,  we  refer  the  inquisitive  reader  to  Mr.  Tvcd- 
^old's  excellent  work  on  thJeateam  engiine,  wfaere  the  sub- 
ject ia  Tery  ably  treated. 

Upon  the  fom  of  boilers  much  of  their  strength  de- 
pends; this  circumstance,  as  well  as  many  others,  will  be 
considered  in  the  description*  of  a  variety  of  new  contri- 
vances for  generating  steam,  cont^ned  in  the  following 
pages.  In  the  «ar1y  part  of  thia  work,  the  globular,  the 
seni-sphecical,  ths'  eytiadncal,  the  waggon-ehaped,  and  • 
variety  of  otiter  formsy  have;beeB  duly  noticed  along  with 
the  accounts  of  the  steam  engines  io  which  they  formed 
appendages.  Those  that  fidlowiponesstair  claima  to  at- 
tention, either  a»  matter  of  ibiatory,  or  for  their  intriiuic 
merit  As  it  would  be.  aaeedlcMB  task  to  class  them,'we 
have  siDiftly  arranged  them  ia  .the  :order  of  their  dates, 
concluding  the. description  of  ftilem,  with  a  few  bcief  cri- 
tical renarka  on  tbdr  propecties. 

(" ■""  ■-) 


(Patent  Steam  Engine  Boiler,  by  Hbrton  and  filler,  of 
Birmingham.    1823.^ 

The  peculiarity  in  this  invention  seems  to.connst  in  the 
placing  of  a  reservoir  for  the  steMn  genevaled^  within  the 
boiler;  which  steam,  being  constantly  surrounded,  with 
hot  water,  loses  none  of  its  h«at  by  radiation.     These 
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boilers  the  applicable  to  either  high  or  low  pressure  en- 
gines, with  such  modifications  of  their  form^  and  in  the 
strength  of  the  niaterialB,  as  the  case  may  require. 

Fig.  1  represents  a  longitudinal  section  of  the  boiler, 
and  fig.  2  a  transverse  vertical  section  tif  the  same.  The 
-letters  of  reference  apply  to  the  same  parts  in  each  of  the 
'figures. 

-  aaa^  figs.  1  and  2,  show  the  external  form  -of  the 
i>oiler,  round  which  the  furnace  and  flues  are  to  be  con- 
structed ;  b  b  bis  the  internal  vessel,  or  reservoir  for  con- 
taining the  steam  generated ;  c  c  exhibits  that  part  of  the 
Jboiler  that  is  filled  with  water,  which  is  replenished  by 
means  ef  the  tube  o  o,  from  another  reservoir  placed 
above.  The  heat  having  caused  the  steam  to  fill  the 
upper  part  of  the  boiler  dd,  it  passes  from  thence  through 
the  bent  tube  e  6,  into  the  steam  reservoir  b  b  below,  from 
whence  it  is  conveyed  to  the  engine,  through  the  tube  e. 

At  the  upper  part  of  the  tube  e,  at  n,  a  safety  valve  is 
placed,  for  regulating  the  force  of  the  steam.  At/  is  a 
cock  for  drawing  off  whatever  water  may  be  formed  in 
the  steam  reservoir,  and  under  this,  at  ifc,  is  an  aperture 
for  cleaning  out  the  boiler :  {  /  are  man  holes  for  gaining 
access  into  the  interior,  whenever  necessary. 

The  boiler  is  of  a  novel  and  ingenious  construction, 
and  as  it  has  doubtless  been  put  in  practice  by  the  paten- 
tees, who  are  large  manufacturers  of  steam  boilers,  it  may 
deserve  investigation,  to  determine  how  (kr  the  exposure 
of  that  portion  of  the  boiler  containing  the  water  to  the 
loss  of  heat  by  radiation,  is  superior  to  the  exposure  of 
the  portion  containing  the  steam. 

• 

Patent  Capillary  Steam  Boilers^  by  John  Theodore  Paui. 

London^  1824. 

The  superior  strength  and  safety  of  tubular  boilers 
have  led  to  a  great  variety  of  applications  of  the  principle, 
both  at  home  and  abroad.  That  which  we  have  now  to 
describe  is  the  invention  of  a  native  of  Geneva,  and  we 
understand  that  it  has  been  advantageously  applied  to  the 
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working  of  an  engine;  but  we  are  not  in  possession  of  any 
authentic  data  by  which  we  can  come  to  a  conclusion 
of  its  practical  merits :  the  arrangement  of  this  patentee 
is,  however,  deserving  of  a  brief  description,  especially  as 
we  have  jioticed  patented  inventions  of  a  later  date,  hav- 
ing a  close  resemblance  to  this. 

Mr.  Paul  employs  a  long  copper  (or  other  metal)  pipe 
of  small  diameter,  coiled  round  the  inside  of  the  furnace 
into  a  conical  figure,  within  which  the  fuel  is  skuated. 
The  interior  of  the  furnace  thus  constructed,  is  enclosed 
by  a  casing  of  sheet  iron,  with  flanges  fixed  round  the  in- 
terior for  supporting  the  coils  of  pipe,  a  portion  of  which 
is  so  bent  as  to  form  a  kind  of  gating,  on  which  the  fuel 
is  laid.  The  fuel  is  supplied  through  the  upper  part  of 
the  cone  where  the  smoke  escapes,  or  it  may  be  by  an 
aperture  made  in  the  side  of  it,  between  the  coils,  for  that 
purpose*  The  casing  may  be  single  or  double ;  the  latter 
is  preferable,  where  the  increased  weight  of  the  appa- 
ratus is  not  an  objection,  in  which  the  space  between  the 
two  cases  is  filled  with  brick-dust,  ashes,  or  any  otber 
slow  conductor  of  heat.  When  the  single  case  only  is 
used,  it  is  to  be  coated  by  substances  of  a  similar  nature, 
to  prevent  the  radiation  of  heat. 

When  the  fuel  is  ignited,  and  the  pipes  ate  heated  to 
redness,  the  water  is  injected  by  a  force  pump,  in  such 
small  portions  as  to  cause  it  to  be  inrmediately  converted 
into  steam,  which  steam  receiving  a  continual  accession  of 
heat  in  its  revolutions  round  the  furnace,  escapes  ulti- 
mately at  the  other  extremity,  at  a  very  high  temperature, 
in  which  state  it  enters  the  engine.  The  boiler  we  have 
now  described,  the  patentee  designs  for  general  purposes. 

For  locomotive  carriages,  Mr.  Paul  purposes  to  con- 
struct a  coiled  tubular  boiler  of  a  different  form.  Tliis 
may  be  described  as  the  upper  and  lower  frustrum  of  the 
same  hollow  cone ;  the  base  of  the  latter,  which  is  the 
largest,  is  placed  upwards,  and  the  former  is  placed  within 
it,  with  its  base  or  broadest  end  downwards.  As  the 
upper  parts  of  these  frustra  of  the  cone  now  diverge 
from  each  other,  and  their  lowcM*  edges  are  in  contact,  it 
16-  3  b 
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is  easy  to  conceive  tbis  figure  to  be  formed  of  one  conti- 
nuous coiling  of  the  same  pipe;  tbis  furnace  is  supported 
by  a  circular  frame  work,  or  enclosed  in  a  case  formed 
of  non-conducting  materials.  The  interior  cone  of  pipes 
rises  to  about  two-thirds  of  the  height  of  the  exterior,  and 
the  fuel,  which  is  supplied  by  an  air-tight  box,  is  heaped 
up  between  them ;  the  ashes  pass  through  a  hollow  in- 
verted cone,  into  a  receptacle  beneath.  Air  is  supplied 
to  the  fuel  by  means  of  a  pipe  passed  through  the  ash- 
hole,  and  the  force  of  the  current  increased  by  the  action 
of  bellows. 

In  this  form  of  boiler,  the  water  should  be  injected 
from  the  upper  extremity,  and  having  descended  to  the 
lower,  ascend  the  interior  cone,  receiving  an  increased 
degree  of  heat,  until  it  escapes  at  the  upper  extremity  of 
the  latter,  in  the  state  of  highly-compressed  steam.  For 
an  engine  of  two-horse  power,  the  patentee  purposes  a 
tube  of  150  feet  in  length,  with  an  internal  diameter  of 
only  three  sixteenths ;  thickness,  one  sixteenth;  making  the 
external  diameter  only  five  sixteenths  of  an  inch.  Engines 
of  greater  power  to  have  tubes  of  proportionably  greater 
dimensions. 

Mr.  Joseph  Buchanan,  of  the  United  States,  invented, 
constructed,  and  published,  at  about  the  same  period  of 
time,  a  description  of  a  boiler  of  precisely  the  same  kind 
as  the  foregoing.  Both  the  inventions  are  probably  ori- 
ginal, and  the  inventors  are  also  entitled  to  the  credit  of 
having  introduced  capillary  boilers,  which  will  be  found 
a  great  convenience  wherever  they  raise  sufficient  steam. 


u 


Patent  Steam.  Engine  lioUer,  by  Mr.  Smith,  of  Londamy 

Ifm.) 
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This  boiler  is  a  modification  of  a  steam  apparatus  first 
introduced  by  the  patentee  for  the  evaporation  of  sugar, 
salt,  &c.  The  former  invention  consisted  in  the  applica- 
tion of  the  lower  vessel  b  alone ;  the  engraving  represents 
it  in  section,  and  the  figure  of  it  is  supposed  to  be  a  paral- 
lelogram. The  top  and  bottom  of  this  vessel  are  strongly 
tied  together  by  means  of  screw  bolts,  which  are  placed 
at  about  nine  inches  apart  over  its  whole  space,  and  thus 
great  strength  is  obtained  in  a  boiler,  with  the  advantages 
of  very  thin  metal,  by  which  the  heat  is  more  readily 
transmitted.  The  water  was  supplied  to  this  vessel  by 
means  of  a  pipe  and  funnel ;  it  had  a  guage  cock  for 
ascertaining  the  depth  of  water,  and  two  drawing  ofi^ 
cocks ;  a  safety  valve/  was  likewise  attached,  with  a  varia- 
ble weight. 

The  present  invention  consists  in  adding  to  the  part 
already  described  the  upper  vessel  a,  which  is  constructed 
in  the  same  manner  as  the  lower  one;  but  so  that  the 
upper  part  of  the  lower  one  forms  the  bottom  of  the 
upper  one,  or,  as  it  were,  a  partition  e  between  them.  A 
pump  supplies  the  boiler  with  water;  at  the  other  end 
are  placed  two  guage  cocks,  also  a  safety  valve  9,  loaded 
with  a  variable  weight,  to  regulate  the  pressure. 

About  two  inches  deep  of  water  are  put  into  the  lower 
vessel,  and  the  other  being  half  filled,  the  fire  is  lighted, 
which  quickly  raises  the  water  in  the  lower  vessel  to  ebul- 
lition, the  stream  of  which  acts  upon  the  lower  surface  of 
the  upper  boiler,  giving  out  its  heat  to  the  water  con- 
tained therein  ;  but  becoming  itself  thereby  condensed,  it 
falls  back  in  a  shower  into  the  boiling  water  below,  and 
being  thus  alternately  vapourised  and  condensed,  sufficient 
neat  is  given  ofi^  to  the  contents  of  the  upper  vessel,  to 
convert  that  into  a  steam  chamber  of  a  uniform  tempera- 
ture, and  of  any  required  degree  of  pressure.  The  steam 
is  conveyed  from  the  upper  vessel,  along  the  pipes  e  6,  to 
actuate  the  engine. 

As  by  this  apparatus,  two  shallow  strata  of  water,  sepa- 
rated by  very  thin  metallic  plates,  are  exposed  to  the 
direct  action  of  heat,  the  transmission  of  it,  and  the  con- 
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version  of  the  water  iuto  steam,  is  very  rapid;  coose* 
quently,  a  boiler  of  this  kind,  might  be  found  desirable 
for  an  engine  where  stoppages  are  frequent.  The  expense  . 
of  one  of  these  vessels  must,  we  think,  be  greater  than  au  ' 
ordinary   boiler   of  equal   capacity,   on  account  of  the 
labour  attending  the  making  of  so  many  joints  steam-tight, ' 
and  the  subsequent  difficulty  of  keepings  them  so. 

Patent  fnethod  of  changing  the  Water  in  Steam  Engine 

Bailers^  by  Messrs.  Maudslay  and  Fields  of  Westminster 

Bridge  Road,  1824. 

On  account  of  the  great  deposition  of  salts  and  earthy 
matter,,  chiefly  calcareous,  on  the  bottom  and  sides  of  the 
boilers,,  when  sea  water  is  employed  for  the  production  of 
steam,  the  patentees  (who  are  eminent  steam-engine  ma- 
nufactarers)  have  proposed  an  arrangement  of  apparatus, 
applicable  to  steam  boats,  by  which  the  water  is  conti- 
nually being  changed,  and  by  that  means  obviates  a  great 
practical  inconvenience  at  present  existing.  In  makiD(( 
long  voyages,  the  boilers  sometimes  become  so  charged 
with  brine,  as  to  render  it  expedient  to  stop  the  progress 
of  the  vessel,  in  order  to  discharge  the  contents  of  the 
boilers^ and  fill  them  anew  with  sea  water;  for,  if  the 
heat  be  eontlnued  after  a  considerable  deposition  has 
taken  place,  the  steam  can  only  be  raised  by  a  greatly 
increased  expenditure  of  fuel,  and  the  augmentation  of 
the  heat  seriously  injures  the  tenacity  of  the  metal,  of 
which  the  boilers  are  composed. 

The  patentees  state,  that  from  SO  to  ^0  per  cent,  of  the 
quantity  of  water  evaporated  being  taken  from  the  con- 
centrated brine,  will  keep  the  water  within  a  degree  of 
saltness,.  from  which  no  practical  evils  will  result,  how- 
ever long  the  boiling  be  continued;  the  quantity  thhs 
abstracted  from  the  boiler  being  of  course  replaced  by  a 
like  quantity  of  sea  water  in  its  natural  state. 

The  abstraction  of  the  brine  is  made  by  means  of  a, 
small  pump,  with  a  loaded  discharge  valve,  worked  by 
the  engine,  and  so  proportioned  as  to  draw  from  the 
lowest  part  of  the  boiler  the  quantity  determined  on; 
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Mrbkh  may  be  regulated  by  a  meters 8bowiii|t  tbe  quantity 
of  water  driven  off  in  the  form  of  ifteani.  The  operation 
of  the  pump  is,  however,  not  to  commence  until  the  brine 
has  attained  a  considerable  deipree  of  concentration ;  it 
should,  for  inatmte,  contain  five  times  as  much  salt  as 
common  sea  water;  after  this,  every  stroke  may  be  made, 
by  means  of  the  pump,  to  take  a$  much  salt  out  of  the 
boiler  J  as  is  deposited  in  the  boiler  by  the  steam  used  in 
that  stroke.*  By  these  means,  the  water  in  the  boiler  can 
never  exceed  a  certain  predetermined  degree  of  satura- 
tion ;  and  whether  the  engine  be  working  quickly  or  slowly, 
the  quantity  withdrawn  may  always  be  made  to  bear  the 
same  proportion  to  the  quantity  left  in,  thus  avoiding  one 
of  the  greatest  evils  {p  which  steam  vessels,  in  making 
long  voyages,  have  hitherto  been  subjected. 

To  economise  the  heat  and  consequent  expenditure  of 
fuel,  the  patentees  further  purpose  that  the  hot  brine  ex- 
tracted by  the  pump,  be  discharged  into  a  vessel  contain- 
ing a  series  of  metal  pipes  of  a  small  calibre,  similar  to  a 
refrigeratory.  Through  these  pipes,  which  lie  immersed 
m  the  hot  brine,  the  supply  water  is  to  be  made  to  pass, 


*  As  this  may  not  be  readily  understood  by  some  readers,  we  shall 
here  endeavour  to  explain  it,  by  a  numerical  statement.  The  quan- 
tity of  salt  in  the  water  of  our  seas  (the  German  Ocean,  for  instance,) 
is  about  three  per  cent,  consequently,  a  vessel  holding  1000  poaad* 
of  sea  water,  contains  in  solution  80  pounds  of  salt  By  evaporation 
the  water  is  driven  off,  leaving  the  brine  more  concentrated;  and 
constant  additions  of  salt  water  being  made  to  supply  the  waste  by 
evaporation,  the  water  in  the  boiler  gradually  increases  in  saltness, 
until  it  contains  five  times  as  much  salt  as  common  sea  water.  The 
1000  pounds  of  water  in  the  boiler,  therefor^,  now  holds  150  ponnda 
of  salt  in  solution,  or  15  pfcr  cent  Now,  ftnppoiing  thai  «00  ponoda 
of  pure  water  be  driven  off  by  steam  in  a  given  time,  and  in  the  aame 
period  of  time,  that  60poandsof  the  brine  be  extracted  by  the  pump, 
the  latter  holding  7i  pounds  of  salt  in  solution,  will  take  that  quantity 
of  salt  with  it  out  of  the  boiler.  Tlie  total  loss  of  the  boiler  is,  there- 
fore,  260  pounds  of  water,  containing  74  pounds  of  salt;  and  this  pro- 
portion of  salt  is  exactly  what  is  contained  in  350  pounds  of  common 
sea  water,  with  which  the  boiler  has  been  replenished  daring  the 
same  period  of  time. 
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B  order  to  abstraQt  the  beat  id  its  progress,  and  deliver 
the  sea  water  into  the  boiler  in  a  heated  state. 

This  invention  confers  great  credit  on  the  eminent  pa- 
tentees ;  nor  do  we  see  any  obstacle  to  the  judicious  ar* 
rangements  herein  purposed,  being  carried  into  full  effect. 


iPatent  "  Steam  Chambers,''  by  John  M^ Curdy ^  qf  Cecil 

Street y  London,  1824.) 

This  invention  originated  in  America,  where  great  an« 
ticipations  were  entertained  of  its  utility,  and  it  was 
announced  in  the  public  journals  of  England  and  Europe 
generally,  not  merely  as  an  important  discovery  in  science, 
but  as  forming  almost  an  era  in  the  History  of  the  Steam 
Engine.  Mr.  M'Curdy  brought  the  invention  over  to 
this  country,  took  out  a  patent,  and  subsequently  sold  his 
patent  right  for  a  large  sum  of  money. 

The  construction  of  this  apparatus  is  shewn  by  the  pre- 
ceding cut,  which  represents  a  longitudinal  section.  A 
single  tube  a,  of  considerable  thickness,  is  made  of 
wrought  iron,  and  of  the  following  proportions : — length, 
11  feet ;  diameter,  six  inches  at  the  large  end,  and  taper- 
ing gradually  to  the  other  end,  where  it  is  only  three 
inches  in  diameter.  It  is  bent  into  the  form  represented 
in  the  figure.  Into  the  large  extremity  of  this  tube,  is 
inserted  an  injection  barrel,  closed  at  the  extremity  6,  but 
having  very  numerous  minute  perforations  over  the  rest 
of  its  surface  in  the  tube;  the  other  end  of  the  injection 


J 


mooreN  boilbe.  375 

barrel  c  is  connected  to  a  forcing  pump,    d  is  the  pipe 
which  conducts  the  steam  to  the  ensrine. 

This  vessel  is  placed  in  a  furnace,  and  when  heated 
sufficiently,  the  water  is  forced,  by  means  of  the  pump, 
through  the  injection  barrel,  by  which  it  is  distributed  in 
a  finely  divided  state  over  the  interior  surface  of  the 
heated  chamber,  which  instantly  converts  it  into  steam  of 
very  high  pressure. 

It  was  stated  by  the  patentee,  that  a  patent  steam  cham- 
ber of  the  dimensions  we  have  given,  is  capable  of  gene- 
rating as  much  steam  as  a  boiler  containing  150  cubic 
feet.  To  increase  the  power,  it  was  purposed  to  increase 
the  number  of  the  steam  chambers,  each  of  which  was  to 
be  supplied  by  a  distinct  pump.  It  was  further  stated, 
that  a  cubical  inch  of  water,  injected  into  one  of  these 
chambers,  and  flashed  into  steam,  afforded  sufficient  for 
one  stroke  of  a  four-horse  engine. 

Notwithstanding  the  high  expectations  of  the  advaiw 
tages  of  this  new  method  of  generating  steam,  the  expe- 
riments have  not  proved  so  successful  as  to  warrant  its 
adoption ;  arising  chiefly  from  the  difficulty  of  keeping 
up  sufficient  heat  to  convert  all  the  water  injected  into  it, 
into  steam,  and  the  consequent  ejection  of  the  water  left 
in  the  chamber  with  the  steam,  into  the  cylinder  of  the 
engine. 

Patent  Steam  Engine  Bdilery    by  Mr.  John  Maorey  qf 

Bristol    1824. 

This  boiler  consists  of  a  series  of  tubes  set  up  vertically, 
and  arranged  in  a  circle,  with  their  upper  ends  entering 
a  circular  chamber,  bent  round  in  a  horizontal  direction, 
so  as  to  form  a  ring,  and  their  lower  ends  entering  a  simi- 
lar ring  at  bottom.  Upon  a  level  with  the  lower  ring  or 
chamber,  and  within  the  circle  of  the  vertical  tubes,  a 
grating  is  fixed,  for  the  reception  of  the  fuel.  The  water 
is  supplied  by  a  reservoir,  which  is  also  a  large  tubular 
ring,  embracing  the  vertical  tubes  externally,  a  little 
above  the  middle  of  their  height;  from  this,  the  water  de- 
scends through  small  pipes,  and  enters  the  lower  chamber, 
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which  it  ill%  and  rises  partly  up  the  verttca.  tubes;  here, 
being  exposed  to  the  fire,  steam  is  produced  in  the  upper 
part  of  each  tube,  and  collected  in  the  tubular  ring  above, 
from  whence  it  proceeds  by  a  pipe  to  the  engine.  In  case 
the  ebullition  in  the  pipes  should  throw  any  water  into 
the  upper  chamber,  connecting  pipes,  between  that  vessel 
and  the  resenroir,  are  employed  to  carry  it  back  to  the 
latter. 

The  position  of  the  vertical  pipes  is  very  unfavourable 
for  the  generation  of  steam,  as  heat  is  communicated  but 
very  feebly  in  a  lateral  direction.  The  other  arrange- 
ments are  judiciously  contrived. 

Patent  Bevalving  Steam  Bailers^  6y  Mr.   T^jkompsim,  of 
Chelsea  Steel  Worksy  and  Mr.  Barr^  o/Haieeaweny  Staf- 
fordshire.   1825. 

The  patentees  describe  their  invention  to  consist  in 
causing  the  boilers,  or  steam  generators,  to  revolve  in  a 
furnace,  so  that  nearly  the  whole  of  their  surfaces  may  be 
equally  exposed  to  the  direct  action  of  the  fire,  and  by 
those  means  produce  a  uniform  heat  to  the  water,  and  an 
equal  expansion  of  the  metal  with  which  the  vessels  are 
eonstvuded.  In  the  drawings  attached  to  the  specifica- 
tion, the  most  approved  arrangement  on  the  rotary  prin- 
ciple is  exhibited,  but  as  it  is  capable  of  being  easily 
explained  without  any  such  illustration^  we  shall  dispense 
with  the  use  of  it. 

Four  cylindrical  vessels  are  placed  horizontally  and 
eqai^^Ustant  over  the  fuel,  in  the  midst  of  a  furnace 
adapted  to  receive  them ;  each  of  these  cylinders  is  pro- 
vided with  axles  or  pivots,  which  pass  through  the  walls 
«f  the  furnace,  and  turn  upon  bearings  on  the  outside; 
each  of  these  axles  carries  a  small  spar-wheel,  and  motion 
is  communicated  to  them  all  by  a  fifth  tooth-wheel,  upon 
»  separate  axis,  situated  centrically  between  the  four  ilt- 
sfcribed.  The  axis  of  the  central  wheel  is  put  in  motion 
by  gearing  of  the  ordinary  kind,  in  c  >nncxion  with  the 
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The  boilers  are  supplied  with  water  from  one  end  v( 
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their  respective  axes  (made  hollow  for  that  purpose)^  by 
means  of  a  forcing  pump;  the  escape  of  which,  during  its 
transmission,  is  prevented  by  stuffing-boxes,  containing  h 
valve  opening  inwards,  which  the  expansive  force  of  the 
steam  keeps  shut,  except  at  the  moment  that  the  superior 
power  of  the  pump  injects  a  portion  of  water.  The  steam^ 
as  it  is  generated  in  each  cylinder,  passes  off  at  the  oppo- 
site extremity  to  that  where  the  water  enters;  that  is, 
through  the  opposite  hollow  axes,  and  enters  a  vessel, 
from  whence  it  is  delivered  to  the  engine  in  the  usual 
manner.  The  patentees  state  that,  by  their  apparatus, 
^^  the  quantity  of  steam  produced  by  the  same  portion  of 
fuel,  will  be  found  much  greater  than  by  any  means  yet 
employed  for  the  generation  of  steam.** 

With  respect  to  the  fuel,  this  plan  is  probably  an  eco- 
nomical one,  but  the  cost  of  the  erection  of  such  a  boiler, 
and  its  complex  structure,  must  prove  a  great  drawback 
to  its  utility.  The  method  of  injecting  the  water,  failed 
in  M^Curdy*s  boiler,  and  has  of  course  in  this  also.  Ano- 
ther objection  to  it  is,  the  great  difficulty  of  keeping  the 
vessels  steam-tight  at  their  hollow  axes ;  to  prevent  the 
escape  of  steam,  the  stuffing-boxes  must  press  hardly  upon 
the  axis,  the  friction  of  which  and  the  cog*wheels,  toge- 
ther with  the  great  weight  kept  in  motion,  must  subtract 
largely  from  the  power  of  the  engine. 

Mr.  /«  Bellingham's  method  of  generating  Steam,  by  the 
burning  of  Tar  under  the  Boiler.    18S4. 

In  a  letter  inserted  in  the  Register  of  Arts,  it  is  stated 
that  Mr.  J*  Bellingham  had  employed  the  combustion  of 
coal  tar  very  successfully,  as  an  auxiliary  with  the  ordi- 
nary fuel,  in  the  production  of  steam,  on  board  of  a  steam 
boat  in  Ireland.  The  boiler  had  a  furnace,  in  which  coal 
was  burned  as  usual,  but  at  the  back  of  the  furnace  a 
series  of  retorts  were  set  in  an  oven,  containing  ignited 
coke,  on  which  was  thrown,  by  jets,  a  uniform  quantity 
of  the  tur.  The  smoke  from  the  coal  passed  through  the 
retorts,  where  it  was  inflamed,  and  returned  through  the 
boiler  to  the  iron  flue.    The  elTect  of  this  arrangement  ik 
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stated  to  be  ^^  the  complete  combustion  of  every  particle 
that  escaped  combustion  in  the  first  fire,  as  well  as  the 
great  advantage  of  burning  so  much  more  oxygen,  by  the 
increased  draught,  in  consequence  of  the  rarefaction  ^f 
the  air  in  the  red-hot  chamber.  The  stove  that  contains 
the  hot  chambers  is  encircled  by  the  water  in  the  boiler, 
as  well  as  the  entire  of  the  fire-places,  on  the  same  plan 
as  Mr.  Williams's  steam  packets  at  JLiverpool,  with  only 
the  addition  of  a  second  row  of  fluted  cast-iron  bars, 
placed  horizontally  over  the  common  ones,  merely  allow- 
ing room  to  charge  with  coke  or  coal  between,  for  the  tar 
jet  to  play  upon.  The  tar  is  pumped  into  an  air-tigbt 
wrought-iron  tank,  with  a  small  tube  from  the  bottom ; 
the  pressure  of  the  air,  with  a  stop-cock  and  crank  worked 
by  the  engine,  may  be  regulated  to  keep  a  uniform  flame 
diffused  all  over  the  inside  of  the  flues.  This  arrangement 
prevents  the  possibility  of  fire  being  communicated  to  any. 
part  of  the  ship.  One  striking  improvement  in  the  above 
plan  is,  that  all  the  atmospheric  air  must  pass  through  the 
coal,  as  the  stove  doors  are  only  opened  once  in  eight 
hours,  to  charge  with  coke,  coal,  or  wood ;  the  jets  play 
through  small  apertures,  and  the  flues  are  not  chilled,  as 
by  the  present  mode  of  constantly  opening  the  doors  to 
charge  and  r&ke  the  fire.  The  labour  is  so  diminished, 
that  one  man  is  quite  equal  to  the  management  of  the 
largest  engine  boiler  now  in  use.'' 

The  writer  also  states,  that  Mr.  Bellingham  had  ^^  dis- 
covered that  the  generation  of  steam  is  much  accelerated 
by  putting  in  bundles  of  straw  or  sticks  into  the  boiler, 
but  he  found  that  a  surface  of  boards  strongly  put  toge- 
ther, so  as  to  cover  the  entire  water,  and  float  on  it  by  a 
suspension  rod,  on  the  surface,  answers  better,  and  we- 
vents  the  wince  and  splashing  of  the  water,  so  inj^oup 
in  condensing  steam.  He  also  recommends  caatn^.the 
boiler  with  thin  boards,  and  at  least  five  inch^  4^ep  of 
charcoal,  to  husband  the  heat,  and  prevent  the  injuci^us 
consequence  (from  radiation)  to  goods  in  the  hold  of 
steam  vessels.  This  improvement,"  the  writer  says,  ^' will 
enable  a  vessel  to  go  to  any  part  of  the  world,  as  the  coaI« 
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tar  will  not  occupy  half  the  room  of  coals,  and  does  not 
cost  half  the  price.  Iron  tattk»  of  any  shape  to  suit  the 
different  parts  of  a  ship,  can  be  made  to  hold  it ;  and 
when  consumed,  the  tank  can  be  filled  with  water,  which 
will  in  no  way  alter  the  trim  of  the  vessel." 

The  foregoing  experiments  seem  to  be  well  deserving 
of  attention;  they  were,  we  believe,  made  prior  to  the 
year  1824,  which  it  is  proper  to  notice,  as  some  part  of  the 
suggestions  here  given,  have  subsequently  formed  the 
/I'roundwork  of  new  patents. 

Patent  Steam  and  Gas-generating  Apparatus^  by  Samuel 
Rally  of  Bfisfordy  near  Nottingham,    1824. 

This  is  an  attempt  to  diminish  the  quantity  of  fuel  used 
in  the  generation  of  vapour  for  steam  engines,  by  decom- 
posing the  steam  in  a  greater  or  less  degree  in  its  pas- 
sage from  the  boiler  to  the  cylinder  of  an  engine,  under  a 
pressure  superior  to  that  of  the  atmosphere.  ^  ^^  The  gases 
or  elastic  fluids  thus  generated,"  (the  specification  states,) 
*^  occupy  a  greater  space  at  any  given  pressure  and  tempe- 
rature, than  the  steam  does ;  and  being,  for  the  most  part, 
permanently  elastic  fluids,  they  possess  the  further  advan- 
tage of  being  capable  of  use  at  a  temperature  not  higher 
than  the  atmosphere,  if  required."  Founded  upon  these 
principles,  the  patentee  observes,  that  a  variety  of  appa- 
ratus may  be  constructed  to  obtain  a  mechanical  power, 
but  the  fbllowing  arrangement  is  recommended  as  calcu- 
lated to  answer  the  intended  purpose. 

Fig.  1  represents  a  plan,  and  fig.  2  an  elevation  of  the 
apparatus,  part  of  which  is  in  section.  The  letters  of  re- 
ference indicate  the  same  parts  in  each.  A  A  are  twc 
furnaces,  with  a  cylindrical  boiler  surrounding  each;  B 
is  a  cistern  to  supply  water  to  the  boiler,  and  C  a  reser- 
voir for  the  reception  of  the  steam  and  gases  generated. 
The  intention  of  having  two  boilers  is,  that  while  the  fur* 
nace  of  one  is  being  replenished  with  fuel,  the  other  may 
be  employed  in  the  production  of  vapour,  so  as  to  keep  up 
the  supply  unremittingly. 

The  figure  of  the  furnaces  isr  that  of  a  hollow  cylinder; 
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(FIG.  1.) 


they  ar«  made  very  strong,  and  with  air>tight  joints.  The 
grating  on  which  the  fuel  resta,  u  of  the  shape  of  a  doable 
hopper;  it  ia  supplied  with  coke,  or  other  fuel,  through 
an  aperture  d,  at  the  top  of  the  furnace;  the  ashes  are 
raked  out  from  underneath,  by  a  properly  formed  iron 
passing  through  the  aperture  «.  Both  these  apertures  d 
aud  e,  are  furnished  with  large  stop-cocks,  of  sufficient 
capacity  for  the  reception  of  the  coke,  and  for  the  dis- 
charge of  the  ashes  and  clinkers,  as  often  as  may  be  neces- 
sary.   The  furnace  cyliader  is  by  these  means  kept  air* 
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tight  when  the  cocks  are  shut,  o  o  is  a  hollow  cylindrical 
vessel  encompassing  the  furnace,  of  sufficient  strength  to 
bear  a  great  pressure  of  steam ;  /*  is  a  pipe,  to  which  is 
connected  a  blowing  machine,  for  augmenting  the  heat  in 
either  of  the  furnaces;  the  pipe  /  is,  therefore,  furnished 
with  stop-cocks  at  g  9,  that  either  of  the  fires  may  be 
operated  upoo^  which  they  are  alternately,  in  the  process 
of  working  the  apparatus. 

When  the  water  in  the  boiler  is  in  a  state  of  ebullition, 
the  steam  therefrom  passes  down  the  pipe  A,  (the  stop- 
cock in  it  being  opened  for  that  purpose,)  and  enters  the 
furnace  through  the  hopper-formed  grate ;  there  ascend- 
ing through  the  fuel  under  intense  ignition,  it  is  for  the 
most  part  decomposed ;  certain  elastic  gases  are  thereby 
generated,  which,  together  with  the  undecomposed  por- 
tion of  the  steam,  proceed  alpng  the  curved  tube  i,  into 
the  strong  receiver  or  reservoir  C.  In  this  vessel  it  is 
kept  under  the  required  pressure  for  working  the  engine, 
to  which  it  is  conducted  by  the  pipe  k. 

From  the  upper  and  lower  parts  of  the  water  cistern  B, 
proceed  two  horizontal  pipes  I  /,  which  enter  the  upper 
and  lower  parts  of  the  boilers,  preserving  the  water  in 
both  at  the  same  level,  the  height  of  which  is  regulated 
by  a  float ;  and  a  force  pump  A,  is  employed  for  injecting 
the  water  into  the  cistern,  to  supply  the  loss  by  evapo- 
ration. 

In  order  to  regulate  the  pressure  of  the  elastic  vapours 
in  the  several  vessels  described,  a  communication  is  opened 
between  the  reservoir  C  and  the  cistern  6,  by  means  of  a 
short  bent  tube  r,  which  is  furnished  with  a  stop-cock,  to 
cut  off  that  communication  whenever  required. 

In  setting  this  apparatus  to  work,  it  is  directed  that  the 
cistern  and  boiler  be  filled  up  to  the  pipe  /,  as  shewn  in 
the  engraving ;  the  apertures  in  the  upper  and  lower  parts 
of  the  furnaces  opened,  when  ignited  coke  is  to  be  thrown 
into  the  upper  ones  d  d;  the  bellows  are  now  to  be 
worked,  and  fuel  supplied  at  intervals,  until  the  required 
heat  is  obtained.  When  the  steam  has  acquired  the  pro- 
per height,  indicated  by  the  guage,  the  apertures  at  the 
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top  and  bottoin  of  the  furnaces  are  closed  by  their  slop* 
cocks,  also  those  in  pipes/  and  r,  supposed  to  have  been 
previously  open;  the  valve  or  cock  in  the  tube  i  is  then 
opened,  along^  which  the  steam  and  gases  pass  into  the 
reservoir  C,  and  from  thence  to  the  engine.  When  the 
vapour  has  continued  to  pass  through  the  furnace  for  a 
certain  time,  the  fire  becomes  incapable  of  decomposing  a 
further  quantity;  the  communication  with  the  reservoir C 
is  therefore  closed,  and  the  fire  replenished  with  addi- 
tional fuel  and  excited  by  the  bellows;  while  this  is  going 
forward  in  one  of  the  furnaces,  the  other  is  proceeding 
uninterruptedly  in  the  generation  of  steam  and  gaseous 
vapour;  and  thus  the  contents  of  the  reservoir  are  kept 
under  a  nearly  uniform  pressure,  and  the  supply  to  the 
engine  unremittingly  preserved.* 

If  the  patentee  has  submitted  his  scheme  to  actual  trial, 
he  has  probably  discovered  that  no  increase  in  the  elasti* 
city  of  the  steam  is  obtained  by  passing  it  through  the 
furnace.  The  apparatus  appears  likewise  very  defective 
in  its  structure,  as  no  means  are  provided  for  supplying 
the  fire  with  a  supporter  of  combustion,  after  the  cocks  d 
and  e  are  shut.  It  is,  besides,  much  to  be  doubted,  whe- 
ther the  ignition  of  the  fuel  could  be  preserved  even  by 
the  alternate  use  of  two  furnaces,  as  described. 

Patent  Steam-generating  Apparatus^  by  John  M^Ovrdify 

of  Cecil  Street^  Strand.    1 825. 

^^My  invention  of  certain  improvements  in  generating 
steam  consists  in  a  new  combination  of  materials,  or  the 
adaptation  and  application  of  old  and  well-known  sub* 
stances  to  produce  or  efiect  a  particular  purpose,  which  is*" 
both  novel  and  useful,  and  which,  from  their  form,  I  de« 
nominate  ^Franklin's  Duplex  Steam  Generators."*  For 
this  purpose,  I  construct  one  or  more  vessels  or  tubes,  of 
any  given  number,  length,  or  diameter,  proportionate  to 
the  size  of  the  engine,  or  quantity  of  steam  wanted,  made 
of  wrought  or  cast-iron,  or  other  material  of  sufficient 
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strength;  which  tubes  or  vessels  are  closed  at  both  endsj 
on  one  end  of  each  of  which  a  bead  is  fixed,  that  can  be 
taken  off  at  pleasure.  Inside  of  each  of  these  vessels  or 
tubes,  I  insert,  or  suspend  in  the  centre,  another  vessel  or 
tube  of  etill  smaller  size,  of  similar  materials,  leaving  a 
amall  space  on  all  sides,  (varying  according  to  the  station 
they  occupy  in  the  furnace,  near  the  fire  or  more  remote), 
which  is  thought  sufficient  for  the  generators  attached  to 
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an  engine  of  the  largest  size,  between  the  cuter  and  inner 
tubes  or  vessels.  The  inner  tubes  or  vessels  are  rendered 
s^eain-tight,  ^nd  closed  at  both  ends,  except  such  number 
as  are  placed  within  the  reservoirs  or  ^  steamometers,*  as  I 
terra  them,  and  which  are  intended  to  contain  a  body  of 
steam  for  the  supply  of  the  engine;  or  the  minor  tubes  or 
vessels  may  be  omitted  entirely  in  this  combination  in  the 
steamometers,  or  vessels  intended  to  contain  the  steam.  I 
place  these  tubes  or  vessels  thus  arranged,  which  I  term 
duplex  steam  generators,  in  a  common  heated  furnace,  in 
the  same  manner  as  gas  retorts,  or  in  the  most  advanta- 
geous manner  for  heating.  The  tubes  or  vessels  at  the 
top,  or  next  communicating  with  the  engine,  are  the  most 
suitable  to  be  reserved  for  the  reservoirs  or  steamometers, 
and  which  I  should  generally  make  to  contain  about  ten 
times  the  solid  contents  of  the  working  cylinder  of  the 
engine.  The  outer  or  exterior  vessels  or  tubes  are  con- 
nected by  pipes  leading  from  one  to  the  other,  which  con- 
necting pipe  ought  to  lead  from  the  upper  part  of  one 
tube  to  the  upper  part  of  another,  through  which  the 
steam  and  water  rushes,  from  the  time  it  is  injected  by  the 
forcing  pump,  which  I  use  to  supply  them  with  water,  till 
it  passes  into  the  steamometer,  and  from  thence  through 
the  eduction  pipe,  which  I  insert  into  the  lower  part  or 
bottom  of  the  steamometer  (whereas,  in  boilers,  the  steam 
is  carried  out  at  the  top,)  into  the  engine.  Into  each  of 
the  interior  tubes  or  vessels  (closed  at  both  ends)  may  be 
inserted  small  pipes,  passing  from  the  inner  tubes  or  ves- 
sels through  the  outer  ones  into  the  open  air,  to  permit 
any  water  or  steam  that  might  be  forced  into  the  inner 
tubes  or  vessels,  by  the  pressure  of  the  steam,  to  escape. 
To  keep  the  interior  tubes  or  vessels  in  their  places,  and 
at  equal  distances  from  the  outer  ones,  I  put  around  them 
spiral  bands,  extending  the  whole  length  of  the  inner 
tubes  or  vessels,  or  rings  at  intervals,  of  from  one  to  two 
feet  apart,  or  pins  of  the  same  thickness  as  the  space  in- 
tended to  be  preserved  as  a  water  line ;  these  rioga  are 
grooved  all  round,  or  have  holes  drilled  in  them,  to  per* 
mit  the  free  passage  of  the  steam  and  water;  iind  if  the 
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ktAt  <«liould  cause  the  outr r  tubes  or  vessels  to  warp  or 
yield,  the  same  distance  will  always  be  preserved  between 
the  outer  and  inner  tubes  and  vessels,  and  also  prevent 
them  from  coming  in  contact  in  any  part.  A  number  of 
the  ^  duplex  generators^  may  also  be  connected  with  the 
common  boiler,  for  the  generation  of  steam,  the  water 
being  forced  through  them  by  the  pump,  and  discharging 
into  the  steam  chamber  of  the  boiler,  instead  of  the 
stoamometer." 

In  the  preceding  engravings,  fig.  1  represents  a  front 
view  of  a  furnace  containing  five  ^^ duplex  generators,** 
1,  2,  S,  4,  5,  and  one  ^^  steamometer,"  6.  Fig.  S,  is  a 
view  of  the  opposite  end  of  the  same  furnace,  with  the 
cast-iron  plate  which  encases  it  broken  away,  to  shew  the 
interior  of  the  furnace,  the  hemispherical  ends  of  the 
tubes,  the  communication  from  one  to  the  other,  by  means 
of  short  bent  pipes,  and  the  manner  in  which  the  fire  acts 
upon  them,  when  so  placed ;  the  letters  of  reference  desig- 
nating the  same  parts  in  this  figure  as  in  all  the  others. 
Fig.  3,  represents  a  cross  section  of  the  outer  tube  of  a 
^^  duplex  generator,'' and  one  of  the  hemispherical  ends 
of  the  inner  tube,  with  the  space  or  ^^  water  line*'  between 
the  two,  preserved  at  a  uniform  distance  apart,  by  the  in- 
terposition of  narrow  pieces  of  metal.  Fig.  4,  is  a  front 
end  view  of  a  ^^  steamometer,"  with  the  fianch  removed. 
Fig.  5)  is  a  horizontal  section  of  two  ^^  duplex  genera- 
tors,*' and  one  ^^ steamometer"  between  them;  in  the 
former,  the  interior  tubes  c  c  are  not  shown  in  section,  but 
whole,  that  it  may  be  seen  they  are  perfectly  closed  at 
each  end,  from  which  the  water  is  compelled  to  assume 
the  shape  of  a  hollow  cylinder.  In  the  ^^steamometer"  6, 
the  interior  tube  d  is  left  open  at  one  end,  for  the  steam 
to  enter  and  become  a  reservoir  for  the  supply  of  the 
engine,  e  is  the  water  pipe  leading  to  the  pump;  /is  the 
pump;  g  the  steam  or  eduction  pipe,  leading  from  the 
^^  steamometer"  into  the  engine.  The  mode  of  operation 
is  as  follows: — each  stroke  of  the  pump  introduces  water 
into  the  vessel  a  1,  (by  the  pipe  6,)  which  is  forced  or  dis- 
tributed around  the  spaces  between  the  interior  and  exto- 
17.  3d 
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rior  tube,  termed  the  ^^water  line*'  in  all  the  vesseb 
The  steand  generated  in  this  fii*st  vessel,  and  the  wale' 
that  remains,  is  next  forced  through  the  connecting  pipe 
into  the  second  vessel  a  2;  from  thepce  successively  through 
a  3,  a  4,  and  a  5,  then  into  the  ^^  steamometer"  by  by  the 
end  always  open  ;  and  from  thence  by  the  eduction  pipe  g 
into  the  engine.  The  water,  injected  into  the  pump  at  c, 
has  thus,  in  its  passage  from  the  pump  to  the  engine, 
passed  in  a  thin  sheet  over  a  heated  surface  of  many  thou- 
sand inches,  and>  consequently,  the  steam  may  be  gene- 
rated of  a  very  high  pressure  with  extraordinary  rapidity. 
The  foregoing  arrangement,  from  disposing  of  the  water 
in  ^4hin  sheets,"  may  seem  at  first  to  promise  great  ad«> 
vantages,  but  an  inspection  of  fig.  S,  will^  we  thinkj  con-f 
vince  the  reader,  that  the  greater  portion  of  the  heat 
passes  up  the  chimney,  instead  of  into  the  water.  The 
complexity  of  the  construction,  the  liability  of  deposits, 
incrustations  in  the  narrow  spaces  between  the  cylinders, 
and  the  difficulty  of  cleaning  them  out,  are  likewise  ob^ 
jections  which,  w^  think,  will  prevent  this  apparatus  froni 
being  successfully  used  in  th^  generation  of  steam. 

Patent  Steam-generating  Apparatus^  by  Joseph  Eve^  (^ 

London.    1825. 

The  intention  of  the^  inyentor  of  this  apparatus,  a]i4  tha 
advantages  claimed  by  him  as  resulting  from  its  arri^nge*^ 
ments,  are  the  preserving  of  a  constant  circulation  or  cur- 
rent of  water  throughout  the  tubes,  preventing  thereby,^ 
In  a  great  measure,  their  oxidation  or  burning  out;  by. 
the  grieat  strength  of  small  tubes  to  resist  lateral  pressurtf^ 
affording  security  against  bursting;  and  by  the  uniforoi: 
circulation  of  the  water,  rendering  but  a  comparatively 
small  furnace  necessary,  and  the  whole  apparatus  ex- 
tremely compact.      The   reader   will   perceive    a  great . 
analogy  between  this  invention  and  that  subsequently 
patented  by  Mr.  Gurney,  a  description  of  which  is  here^ 
after  given.     (See  Index.) 

Figures  1,  S,  S,  and  4,  exhibit  so  many  different  views 
of  the  apparatus,  including  an  application  of  two  revol* 
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(FIG.  S.) 


(FIG.  B.) 


(FIG.  4.) 
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ving  cocks,  to  supply  the  ivaste  of  water,  in  lieu  of  a 
forcing  pump.  Fig.  I,  is  a  side  elevation;  fig.  2,  a  ver(i« 
cal  section ;  fig.  3,  a  front  end  view ;  fig.  4,  a  back  end 
view;  the  same  letters  of  reference  apply  to  all  the 
figures,  a  represents  the  lower  conduit  pipe;  b  the  steam 
receiver;  c  c  are  two  pipes,  in  which  the  water  descends 
from  the  steam  receiver  to  the  lower  or  conduit  pipe;  cfis 
(he  dome  connected  with  the  steam  receiver,  from  which 
djme  the  steam  enters  into  the  steam  pipe  fy  and  into  the 
pipe  6,  which  latter  leads  to  the  safety  apparatus,  g  ggj 
are  ten  pipes,  which  communicate  with  the  lower  conduit 
pipe  and  the  upper  pipe,  or  steam  receiver.  Fig.  2  re- 
presents  one  of  these  ten  sections  in  front,  the  manner  in 
which  they  are  formed,  and  connected  with  the  two  hori- 
zontal pipes,  which  latter  are  shown  in  section  in  this 
figure;  h  and  t  are  two  valves,  the  former  kept  open  by 
its  own  weight,  and  the  latter  floating.  With  these  two 
valves  every  section  of  pipes  is  provided  at  its  two  orifices, 
where  they  communicate  with  the  lower  conduit  and 
steam-receiving  pipe;  p  p  is  the  fire-grate,  over  the  middle 
of  which  the  smaller  combination  of  pipes  is  placed;  oo 
is  an  ash-pit ;  9  is  an  end  piece,  which,  being  screwed  into 
the  lower  conduit  pipe,  admits  of  the  latter  being  cleaned 
out  whenever  required.  The  number  of  sections  and 
pipes  composing  each  section,  and  the  manner  in  which 
the  pipes  are  bent,  are  arbitrary. 

The  apparatus  is  filled  with  water  through  the  orifice  0, 
shown  in  fig.  1.  The  heat  of  the  furnace  causes  the  water 
to  circulate  through  the  tubes,  thereby  preventing  the 
steam  from  driving  the  water  out  of  them,  and  the  rapid 
oxidation  of  the  metal.  The  tubes  are  from  one  to  two 
inches  in  diameter,  and  from  an  eighth  to  a  quarter  of  an 
inch  thick ;  tubes  of  these  dimensions  are  sufficiently  strong 
to  bear  the  force  of  steam  of  the  highest  pressure.  The 
horizontal  pipes  are  1^  inch  thick,  and  9{  inches  diameter; 
the  vertical  pipes,  three  quarters  of  an  inch  thick^  and  4| 
inches  diameter. 

The  valves  h  and  t,  attached  to  the  orifices  of  each  of 
the  section  pipes,  where  they  enter  into  the  horizontal 
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iabes,  are  placed  there  in  case  of  a  rupture  in  one  of  tbe 
sections  to  which  they  belong;  in  which  case,  the  unba- 
lanced pressure  of  steam  would  force  the  water  so  rapidly 
into  the  particular  section  that  was  ruptured,  as  to  cause 
tbe  valves  to  close,  thereby  preventing  any  waste  of  steam, 
and  detaching  the  ruptured  section  from  the  rest  of  the 
generator.  By  this  arrangement,  the  engine  need  not  be 
stopped,  but  would  only  lose  so  much  of  its  power  as  the 
proportion  of  one  section  to  the  remaining  sound  ones 
would  be.  The  two  large  vertical,  as  well  as  the  two 
large  horizontal  tubes,  are  imbedded  in  brick- work,  and 
the  sections  only  are  exposed  to  the  heat  of  the  fire; 
therefore  no  steam  will  be  formed  or  generated  in  the 
former,  while  the  action  of  the  fire  will  cause  the  steam 
and  water  to  ascend  rapidly  through  the  small  pipes 
into  the  steam  receiver,  while  the  water  therein^  be- 
ing heavier  than  the  water  combined  with  steam  in  the 
smaller  pipes,  will  descend  through  the  vertical  tubes 
into  the  lower  conduit  tube,  thereby  causing  a  continual 
circulation  through  all  the  tubes;  the  steam  will  of  course 
accumulate  at  the  top,  and  through  the  dome  find  its  way 
to  the  steam  pipe  and  safety  apparatus.  In  case  the  cir- 
culation should  be  too  rapid,  and  to  prevent  the  water 
being  forced  into  the  steam  pipe  before  it  descends  again 
through  the  vertical  pipes,  a  piece  of  sheet-iron  is  placed, 
perforated  with  small  holes  similar  to  a  strainer,  in  the 
middle  of  the  steam  receiver,  from  end  to  end.  The  small 
pipes  in  the  sections  have  the  peculiar  serpentine  form 
given  to  them,  in  order  to  enable  the  steam  to  rise  to  the 
top  more  rapidly  than  the  water. 

These  boilers  are  supplied  with  water  by  means  of  re- 
volving cocks,  as  before  mentioned,  in  lieu  of  the  forcing 
pump,  as  shewn  in  fig.  4,  where  two  cocks  are  represented ; 
»  is  a  vessel  filled  with  water,  of  any  convenient  shape; 
one  side  of  which  vessel  b  near  the  furnace,  so  as  to  keep 
the  water  warm ;  this  vessel  is  connected  with  the  gene- 
rator through  a  tube  entering  at  o,  which  is  shown  in 
section  in  the  drawing;  this  tube  has  two  revolving  cocks, 
i  and  t,  with  a  chamber  between  them.     The  cocks  are 
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tiiade  to  revolve  equally  by  coj^-wheels  gearing  into  each 
other ;  so  that  if  cock  k  be  open  towards  the  water  reser* 
voir,  cock  t  will  be  closed  towards  the  tube  leading  to  the 
generator. 

The  chamber  between  the  cocks  will  therefore  be  filled 
•with  water  through  cock  k^  by  that  time  cock  k  closes  and 
t  opens  to wardis  the  generator;  the  water  in  the  chamber 
<will  then  descend  through  o  into  the  generator,  by  its 
own  gravity,  and  its  place  be  occupied  in  the  chamber  by 
ftteara  from  the  generator;  cock  k  opens  again  towarch 
the  chamber,  and  i  is  closed  towards  the  getierator.  The 
steam  in  the  chamber  will  be  condensed  by  the  water  noir 
entering,  or  escape  into  the  water  reservoir  n;  this  revo- 
lution goes  on  continually.  If  water  be  presented  by 
cock  t  to  the  geherator,  and  the  said  generator  should  hb 
sufficiently  full,  in  such  a  case  the  water  will  not  be  re- 
ceived, but  remains  in  the  chamber  until  part  or  the 
whole  is  wanted,  the  cocks  constantly  revolving.  By  thli 
arrangement,  the  water  can  be  kept  constantly  at  the 
desired  height. 

In  this  apimraitils,  Mr.  Ev6  has  introduced  some  Ver^ 
novel  and  interestfng  combinations,  among  which,  the 
following  ^em  to  bd  deserving  of  notice.  First,  his  me- 
thod of  keeping  the  water  circulating  throughout  the 
pipes,  requiring,  in  t6ti$requence,  but  a  comparatively 
small  fimiace,  and,  by  the  compactness  of  the  whole  ap- 
paratus, rendering  it  suitable  to  locomotive  purposes; 
secondly,  in  the  invention  of  the  revolving  cocks,  by  whicK 
the  boiler  is  fed  without  loss  of  steam  or  power;  for  it 
will  be  observed,  that  the  heat  of  the  steam  in  the  cham- 
ber between  the  cocks  is  not  lost,  which,  although  con- 
densed, eaters  into  the  water  chamber  n ;  thirdly,  the  method 
of  cnttittg  c»ff  the  damaged  portion  of  the  tubes,  in  case  of 
rupture  in  any  of  the  sections.  The  mode  of  commufiicaA 
ting  the  heat  laterally  is  not  good,  but,  under  some  m'otfi-' 
fications,  it  might  be  made  a  v^ry  efficient  appatalud^ 


(PatentSteam  Engine  Boiler,  by  W.  H.  James,  of  TTtavies 
Inn,  Holborv.     1823.) 

We  shall  just  premie  the  description  of  this  invention 
by  obserring,  that  it  is  constructed  chJefiy  with  the  view 
of  applying  it  to  locomotive  purposes;  our  further  re> 
marks  are  reserved  for  the  conclusion  of  the  annexed 
account  of  it. 

A  series  of  anuular  tubefi,  of  equal  capacity  and  dia* 
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meter,  are  placed  side  by  side,  and  bolted  together,  so  as 
to  form  by  their  union  a  long  cylindrical  boiler;  in  the 
centre  of  which  the  fire-place  is  situated.  The  tubes  are 
individually  (in  their  transverse  section)  of  a  square 
figure ;  they  are  made  of  the  best  wrought«iron,  of  such 
considerable  substance  and  tenacity,  as  to  sustain  a  proving 
of  4000  lbs.  pressure  upon  the  superficial  inch ;  the  two 
flat  sides  of  each  ring  are  turned  to  smooth  level  surfaces, 
so  that  the  junctures  may  be  in  all  parts  perfectly  close 
and  uniform.  The  flat  sides  of  the  chambers  are  con- 
nected together  by  means  of  long  bolts  passing  through 
the  end  plates  of  the  cylinder,  where  they  are  screwed  up 
firmly  by  nuts  on  the  outside.  A  cylinder  of  distinct  an- 
nular tubes  being  thus  formed,  a  communication  from  one 
to  the  other  is  opened,  by  making  two  perforations  in 
them  lengthways  of  the  cylinder;  on  the  upper  side  for 
the  free  passage  of  the  steam,  and  one  on  the  lower  for  the 
free  passage  of  the  water. 

When  it  is  desired  to  construct  a  boiler  of  still  greater 
power,  the  patentee  eflects  it  by  placing  two  or  more 
series  of  such  tubes  concentrically,  one  within  the  other; 
the  steam  and  water  passages  communicating,  so  as  to 
form  a  single  vessel  of  capacity. 

The  preceding  figure  I,  represents  a  longitudinal  vet- 
tical  section  of  the  apparatus,  with  a  double  series  of  an- 
nular tubes;  and  fig.  S  (annexed),  a  transverse  vertical 
section  of  the  same ;  the  letters  of  reference  in  each  figure 
that  are  alike  designating  the  same  parts.  Thusaaa 
are  the  square  annular  tubes,  a  section  of  the  whole  being 
shown  in  fig.  1 ;  while  in  fig.  2,  the  entire  circles  of  only 
two  of  the  tubes  (one  of  each  series)  are  brought  into 
view.  The  upper  perforations,  or  steam  passages,  are 
shown  at  6  fr,  and  the  lower  perforations,  or  water  pas- 
sages, at  c  c.  The  water  is  maintained  at  a  certain  level 
(about  that  exhibited  in  fig.  S),  by  the  action  of  a  float  in 
the  regulator  d,  which  is  of  a  peculiar  construction. 

The  situation  of  the  furnace  is  obvious  in  the  figure^ 
the  bars  or  grating  of  which  form  two  inclined  planes  (as 
seen  by  fig.  2).     The  flames  and  heated  air  take  the  direc- 
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lion  shown  by  the  arrows,  previously  to  their  being  difTustil 
in  every  part,  and  the  vapour  finally  escapes  downwards, 
oy  the  chimney  or  flue  e.  This  flue  is  made  to  slide  in 
and  out  of  its  place;  the  whole  furnace  is  likewise  con- 
structed 80  that  it  may  be  easily  drawn  out  of  the  cylinder. 
The  entire  boiler  turns  upon  an  axb,  and  rests  upon 
rollers  fixed  in  a  circular  frame  or  stand.  Every  tube 
is  furnished  with  a  few  shot,  mtxed  with  angular  pieces 
of  metal,  so  that  when  it  is  desired  to  cleanse  the  boiler 
from  any  deposition,  it  is  only  necessary  to  draw  out  tho 
fVimace,  the  chimney  tube,  and  to  unscrew  the  several 
pipes,  when  a  few  turns  with  a  winch  causes  the  shot  to 
roll,  and  the  angular  pieces  to  scour  the  angular  chambers 
dean ;  the  operation  being  similar  to  that  of  the  scouring 
barrel  employed  at  Birmingham  for  brightening  iron- 
work. 

To  prevent  the  loss  of  caloric  by  any  considerable  radi- 
ation through  the  sides  of  the  boiler,  the  cylindrical  casing 
to  it  is  made  double,  of  sheet-iron,  with  the  space  between 
the  internal  and  external  coats  closely  filled  up  with  a 
17.  3  a 


894  GUBNBT*8  BOILBR. 

mixture  of  charcoal  and  clay,  or  other  materials  that  ar» 
slow  conductors  of  heat. 

One  of  the  g^reatest  advantages  in  this  boiler  consists  in 
its  perfect  safety,  in  consequence  of  its  steam  reservoir 
being  situated  within  the  generating  tubes,  which  are  of 
immense  strength,  having,  as  we  understand,  been  proved 
to  be  capable  of  sustaining  a  pressure  equal  to  two  tons 
upon  the  inch.  It  will  be  observed  also,  that  by  this 
arrangement  of  tubes,  a  very  extensive  surface  is  exposed 
to  the  action  of  the  fire;  and  the  flue  being  downward, 
causes  a  reverberation  of  the  heat  over  every  part,  so  that 
very  little  escapes  misapplied.  We  have  seen  a  boiler  of 
Mr.  Jameses  at  work,  which  contained  only  a  single  series 
of  annular  tubes,  instead  of  the  double  series  we  have 
described,  in  which  perfectly  cold  water  was  converted 
into  steam,  and  blew  off  at  the  safety  valve,  under  a  pres- 
sure of  150  lbs.  upon  the  inch,  in  the  space  of  fifteen  mi- 
nutes from  the  time  the  fire  was  put  into  the  furnace. 
The  dimensions  of  this  boiler  were  20  inches  diameter, 
and  three  feet  six  inches  long ;  and  it  seemed  capable  of 
furnishing  a  uniform  supply  of  steam^  equal  to  at  least  two 
horse's  power. 

Mr.  James  now  makes  these  boilers  of  circular  tubes, 
instead  of  square;  they  form  a  very  efiicient  and  compact 
apparatus,  economising  the  fuel  considerably,  by  expo- 
sing a  very  extended  surface  of  metal  to  a  comparatively 
small  quantity  of  water. 

Patent  Steam  Engine  Boilery  by  Ooldsworthy  Chimey^  Esq. 
ofArgyle  Street^  Oxford  Street.    1826. 

The  apparatus  delineated  in  the  next  page,  is  identical 
with  that  employed  by  Mr.  Gurney  in  his  steam  carriage ; 
and  Mr.  Gordon  has  applied  one  of  the  same  kind  to  his 
steam  carriage,  for  which  purpose  the  invention  seems 
well  adapted. 

Fig.  1,  shows  a  vertical  section  of  the  boiler.  Fig.  2, 
an  external  end  view  of  the  same.  Fig.  3,  the  manner  in 
which  the  series  of  pipes  composing  the  boiler  are  fixed, 
and  open  into  the  horizontal  chambers.  Fig.  4,  a  portion 
of  one  of  the  horizontal  chambers  partly  broken  awav. 


to  exhibit  the  apertures  for  the  pipes,  and  their  arrange- 
ment.   Similar  letters  in  each  figure  refer  to  the  same  . 
parts. 

In  the  section,  fig.  1,  the  8eini*elliplieal  form  in  which 
the  pipes  are  bent,  and  the  manner  id  which  they  respec- 
tively cross  each  other,  is  seen;  the  ends  of  these  pipes 
have  screw-threads  on  (he  outside,  to  receive  nuts,  which 
secure  them  to  the  horizontal  chambers  6,  as  shown  ut 
fig.  3.  These  chambers  have  also  direct  communication 
with  one  another,  by  means  of  the  vertical  pipes  c,  (figs. 
1  and  2);  dd  are  two  bent  tubes,  leading  from  b  b  into 
ihe  "separators"  <  e,  which  are  tapered  cylindrical 
wrought-iron  vessels  strengtbeoed  by  hoops.  From  30  to 
60  of  the  pipes  a,  (the  number  depending  upon  the  size  of 
the  apparatus,)  are  arranged  in  the  manner  shown  (figs.  1 
and  4),  in  which  the  fuel  is  placed  aa  at  i,  the  heated  air 
and  flames  are  directed  by  a  bridge  f,  to  take  tl^e  coarse 
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delineateil,  before  entering  the  chimney  A;  but  a  consi- 
derable portion  of  the  heat  passes  freely  between-  and 
round  about  the  pipes,  the  whole  being  exposed  to  the 
powerful  effects  of  a  furnace  so  circumstanced;  o  is  the 
furnace  door,  and  i  is  the  ash-pit» 

During  the  working  of  the  engine,  the  separators  e  are, 
by  the  usual  means,  kept  supplied  with  water  up  to  the 
level  shown,  which  being  higher  than  the  pipes  in  the 
furnace,  the  latter  are  always  kept  full  of  water,  a  point 
of  essential  importance  in  the  opinion  of  some  engineers. 
The  steam  generated  by  the  heated  pipes  in  the  furnace, 
is  given  off  in  the  upper  part  of  the  separators,  and  pass- 
ing through  the  pipes  /  /,  enters  a  common  pipe  jjf,  that 
leads  to  the  engine.  Some  of  Mr.  Gurney*s  boilers  have 
two  separators,  others  only  one,  dependent  upon  the  sise. 

The  boiler  in  the  preceding  diagrams,  being  such  as  is 
used  for  locomotive  purposes,  is  represented  as  being  sur- 
rounded merely  by  a  single  case  of  iron;  to  prevent  the 
radiation  of  heat,  it  is  purposed  that  the  casing  should  be 
double,  with  some  non-conducting  substance  placed  be- 
tween the  two.  For  stationary  boilers,  the  iron  casings 
are,  of  course,  dispensed  with,  and  they  are  set  in  brick- 
work, in  the  usual  manner. 

To  increase  the  intensity  of  the  fire,  the  patentee  pur- 
poses, by  some  blowing  apparatus,  to  force  blasts  of  air 
on  the  top  of  the  fuel,  -nstead  of  in  the  midst  of  it,  by 
which  means,  it  is  said,  the  smoke  will  be  consumed. 

To  obviate  a  common  objection  to  tubular  boilers,  of 
their  becoming  choked  with  a  deposition  of  earthy  mat- 
ters, Mr.  Gurney  purposes  to  clean  them  out,  when  they 
become  foul,  by  the  following  chemical  treatment.  If 
the  tubes  are  of  tron,  one  part  of  muriatic  acid,  with  100 
parts  of  water,  are  to  be  left  in  the  boiler  a  sulBcient  time 
to  dissolve  the  incrustation;  if  of  capper^  the  following 
solution  is  to  be  used  in  a  similar  way,  viz.  one  pound  of 
common  salt,  half  a  pound  of  sulphuric  acid,  in  four  gal- 
lons of  water.  To  expedite  the  operation  of  cleansing,  a 
small  fire  may  be  made  in  the  boiler,  and  the  steam  be 
c^mployed  to  blow  the  contents  out  of  the  tubes.     To 
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tMiwd  incrustations,  Mr.  Ourney  purposes  to  use  only  rain 
or  distilled  water. 

One  of  the  most  prominent  advantages  attending  the 
use  of  this  boiler,  is  the  great  facility  with  which  repairs 
are  executed;  when  a  tube  is  injured  or  burned,  the  re- 
moving of  it,  and  the  substitution  of  a  new  one,  are  not  the 
work  of  half  an  hour.  Like  other  tubular  boilers,  it  is 
safe  from  the  effects  of  rupture ;  but  the  ^^  separator" 
being  in  fact  a  steam  reservoir,  that  part  is  as  liable  to 
explosion  as  other  boilers  of  the  same  capacity  and  thick- 
ness of  metal.  The  small  tubes  exposed  to  the  fire,  if 
always  kept  full  of  water,  are  not  likely  to  be  soon  burned 
out.  This  boiler  has,  however,  its  disadvantages,  for  it 
will  be  observed,  that  the  steam  is  given  off  above  the 
surface  of  the  water  in  the  separator,  which  being  re- 
moved from  the  fire,  and  exposed  to  the  cooling  influence 
of  the  atmosphere,  must  cause  a  condensation  of  the 
vapour  to  take  place ;  this  appears  to  be  a  defect  in  the 
arrangement. 

Patent  Steam^generating  Apparatus^  by  Mr.  /.  Perhm* 

London  J 1824. 

At  page  S44,  Mr.  Perkinses  former  patent  for  heating 
water  in  very  strong  vessels,  under  a  high  state  of  pressure, 
has  been  described.  The  present  invention  is  constructed 
with  a  view  to  the  application  of  the  same  principle,  but 
by  a  totally  different  mecnanical  arrangement,  as  will  be 
seen  by  the  annexed  engraving,  which  represents  a  vertical 
section  of  the  apparatus. 

The  boilers,  or  steam  generators,  as  they  are  called, 
are  in  this  case  very  thick  cast-iron  bars,  five  inches  square, 
with  circular  holes  perforated  longitudinally  through 
them  of  1|  inch  diameter,  a  transverse  section  of  which  is 
exhibited  in  the  figure.  They  are  arranged  in  three  tiers 
A  B  D,  and  are  of  sufficient  length  to  lie  across  the  fur- 
nace, and  to  pass  through  the  opposite  walls,  where  their 
extremities  are  connected  together  (by  means  which  we 
shall  presently  describe,)  so  as  to  form  one  continuous 
vessel.    By  the  operation  of  a  forcing  pump,  water  is 
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continually  injected  into  the  two  upper  tiera  of  i;eneni4 
tora^  BO  Us  to  keep  them  always  full,  and  under  the  prea* 
sure  of  a  heavily  loaded  ralre.  The  low^t  tier  of  gene- 
rators contain  no  water,  but  are  kept  at  a  temperature  of 
about  1C00°  Fahrenheit. 

At  each  stroke  of  the  engine,  a  certain  quantity  of 
water,  heated  to  about  700*  or  800"  Fahrenheit,  ja  dis- 
placed from  the  two  upper  tiers,  and  discharged  into  the 
valve  box  c,  communicating  with  the  lowest  tier,  whereiA 
the  water  instantly  flashes  into  steam;  the  steam  tlus 
formed,  passes  successively  through  every  pipe  In  tbi 
lowermost  range,  which  is  exposed  to  the  strongest  action 
of  the  fire,  before  it  enters,  by  a  short  tube,  the  safely 
chamber  Lf  for  the  supply  of  the  engine,  to  which  11  ia 
conveyed  by  tbe  pipe  H.     At  G  is  a  loaded  valve,  to 
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relieve  the  pressurp,  should  the  chamber  become  over- 
charged with  steam. 

The  mode  of  conDccting  the  steam  generators  together, 
before  alluded  to,  we  will  here  describe  (^FIG.  2  ) 
hy  reference  (o  fig.  2,  in  the  margin ;  a  a 
represent  the  end  pipes,  by  which  those 
that  lie  across  the  furnace  are  connected 
together,  so  as  to  form  one  eontinuoas 
chamber,  the  apertures  in  them  are  formed 
in  the  casting,  and  the  parts  are  brought 
closely  together  by  an  ingenious  and 
strong  method,  shown  on  an  enlarged 
scale,  in  the  annexed  lig.  3.  ft  is  a  perfo- 
rated piece  of  metal,  of  the  figure  of  two 
cones,  united  at  their  bases,  and  with  their  (FIG.  3.) 
apexes  inserted  into  the  pipes d (f,  the  ends 
of  which  are  turned  to  receive  them ;  c  e 
are  flanges  fixed  to  the  pipes,  and  con- 
nected by  regulating  screw-bolts  a  a ;  the 
latter  being  turned  by  a  spanner,  will  ob- 
viously press  the  cones  against  the  orifices 
of  the  tubes,  and  atronglyunite  them ;  af- 
fording also  a  ready  and  convenient  mftans 
of  disuniting  them  whenever  required. 

Although  Ihereare  many  parlsin  the  foregoing  apparatus 
that  are  ingenious  and  useful,  there  areeome  deviations  from 
established  axioms,  that  we  cannot  view  in  the  light  of 
improvements;  for  instance,  Mr.  Perkins  makes  the  out- 
sides  of  his  tubes  square,  which  does  not  increase  their 
strength,  while  it  adds  greatly  to  their  weight  and  cost. 
The  generating  tubes  are  unquestionably  safe  from  ex- 
plosion ;  Bind  the  mode  of  generating  steam  by  them  is  on 
the  same  principle  as  that  of  his  former  patent,  namely, 
heating  water  under  great  pressure,  before  allowing  it  to 
expand  into  steam.  Mr.  Perkins  had,  in  bis  first  appa- 
ratus, no  steam  chamber,  because  he  considered  them  in- 
secure and  unnecessary.  Water  (he  argued)  being  an 
incompressible  fluid,  if  a  pipe  bursts  it  was  only  a  simple 
harmless  separation  of  the  parts.    In  this  new  apparatus^ 
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bowever,  Mr.  Perkins  has  added  what  he  terms  "  a  te^tt^ 
chamber,"  which  being  in  fact  a  steam  chamber,  is  a  mis- 
nomer,  and,  according  to  his  own  reasoning,  a  danger 
ehamber.  This  vessel  should  be  of  great  thickoeas,  to 
withstand  the  enormous  pressure  to  which  it  is  subjected. 
Mr.  Perkins  has,  unfortunately,  not  yet  demonstrated  (he 
advantage  of  ateam  at  such  a  great  pressure,  notwith- 
standing the  numerous  ingenious  modifications  he  has 
made  in  the  apparatus  for  effecting  it. 

Pateat  Steam  Engine  Boiler,  by  Mr,  John  Poolej  of  She/' 
field.  1827. 
This  ioTention  consists  in  placing  a  series  of  boilers  one 
over  the  other,  in  the  manner  shown  in  the  annexed  en- 
graved figure,  which  represents  a  vertical  section  of  the 
apparatus.  The  water  thus  distributed  presents  in  the 
aggregate  an  increased  extent  of  surface,  and  conse- 
quently, it  it  presumed  by  the  inventor,  an  increased  capa- 
bility of  generating  steam,  without  requi.ing  a  corres- 
ponding augmentation  of  the  heat,  or  expenditure  of  fuel ; 
the  series  of  vessels  thus  arranged  being  set  in  a  furnace, 
and  surrounded  with  a  spiral  flue,  according  to  the  most 
approved  construction. 
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The  specification  of  this  patent  is  illustrated  by  four 
drawings,  representing  as  many  modifications  of  theappa* 
ratus ;  all  these  are  given  in  perspective  outline,  together 
^ith  the  method  of  filling  and  regulating  the  supply  of 
water  by  means  of  floats,  and  also  by  means  of  the  force* 
pump.  As  the  patentee  does  not  claim  these  appendages, 
and  as  they  are  well  known  and  in  general  use,  our  dia- 
gram consists  of  a  single  sectional  view,  which,  while  it 
combines  the  principle  of  the  four  perspective  drawings, 
exhibits  it  in  a  more  palpable  manner. 

aaaa  are  four  vessels  connected  together,  6  supply 
pipe,  c  c  c  tubes  for  conducting  the  water,  successively, 
into  the  vessels  underneath,  when  it  rises  above  the  level 
shown.  To  ascertain  the  depth  of  water  in  the  lowermost 
boiler,  a  pipe  and  cock  must  be  fixed  to  it,  or  some  other 
of  the  usual  means  resorted  to;  d  dd  d  are  the  steam  pas« 
sages  from  each  boiler,  and  made  sufficiently  capacious  to 
serve  as  man-holes,  when  the  boilers  have  to  be  cleaned 
out ;  ee  ee  are  waste  pipes,  for  drawing  off  the  contents 
of  each  vessel. 

In  one  of  the  patentee*s  drawings  is  exhibited  a  me- 
thod of  cleaning  the  boilers  from  sediment  or  incrustation, 
by  the  dragging  of  chains  over  their  bottoms.  For  thts 
purpose  there  is  a  vertical  shaft,  with  four  horizontal 
arms  branching  from  it,  one  in  each  boiler,  forming  the 
radius  of  its  circle,  to  which  the  chains  are  suspended. 
Rotary  motion  being  then  given  to  the  vertical  shaft 
by  suitable  gear,  the  chains  scour  the  bottom  of  each 
vessel. 

The  latter  application  of  drag-chains  is  common  to 
stills,  especially  those  which  are  employed  by  the  malt 
distillers,  wherein  the  grain  is  distilled  in  substance.  The 
patentee,  however,  purposes  to  apply  his  invention  to 
stills;  but  in  this  respect  it  possesses  no  novelty,  being 
almost  identical  with  Saintmarc^s  patent  still  (described 
No.  76,  Register  of  Arts).  As  a  steam-engine  boiler, 
(which  is  the  only  light  in  which  it  can  properly  be  viewed 
in  this  treatise,)  the  contrivance  appeal's  to  be  new;  but 
then,  unfortunately,  it  possesseb  no  advantage,  it  being  a 
IH  3  w 
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very  mistaken  notion  on  tke  part  of  the  patentee,  that  tho 
extension  of  the  surface  of  water  increases  the  capacity 
for  generating  steam. 

r  ■^- 1. 


(Patent  Steam-Boat  Boiler,  by  Mr.  Jamea  Frazer,  i^ 
Houmditch.    ISV7. 

The  preceding  diagram  represents  four  different  views 
of  t1ie  apparatus,  the  examination  of  which,  together  with 
the  following  explanation,  will  render  its  arrangements 
evident.    ■ 
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'ig.  1,  18  a  front  elevation;  fig.  9,  a  transverse  vertical 
aection ;  fig.  S,  a  longitudinal  vertical  section ;  fig.  4,  a 
horizontal  section,  or  plan ;  the  same  letters  in  each  figure 
indicate  similar  parts.  At  a  a  are  two  furnaces  and  ash- 
pits, the  current  of  air  and  flames  from  which,  first  pro- 
ceed horizontally,  as  shown  by  the  arrows,  then  descend- 
ing at  b  by  they  unite  and  take  a  contrary  course  in  a 
wider  channel  c,  immediately  underneath  the  former,  to  the 
front  of  the  boiler;  here  the  current  separates,  a  part 
going  as  it  were  to  the  right,  and  a  part  to  the  left,  into 
the  narrow  side- flues  d  df,  at  the  farthest  extremity  of 
which  6,  the  currents  unite  again,  and  proceed  by  the 
middle  channel  /,  to  the  front  of  the  boiler,  where  they 
ascend  into  the  chimney  g;^h  is  the  steam  room.  The 
steam  pipe,  safety  valves,  man-hole,  &c.  being  the  same 
as  in  other  boilers,  it  is  needless  to  describe  them  here. 

This  boiler  being  especially  designed  for  the  use  of 
steam-boats,  no  part  of  the  furnace  or  flue  is  allowed  to 
come  in  contact  with  the  wood-work  of  the  vessel,  but  is 
wholly  surrounded  by  water;  the  disposition  of  the  latter 
in  thin  layers,  divided  by  long  intervening  flues,  is  inge- 
nious, and  well  calculated  to  produce  steam  with  rapidity 
and  economy. 

Patent  Improvements  in  Steam  Boilers^  by  Anthony  Scotty 
of  Southwark  Pottery ,  Durham.     1828. 

The  advantage  attending  the  employment  of  good  heat- 
conducting  substances,  as  the  materials  for  the  construc- 
tion of  steam  boilers,  is  entirely  counteracted  when  their 
bottoms  and  sides  become  incrusted  (as  is  commonly  the 
case,  in  a  greater  or  less  degree,)  with  earthy  depositions 
from  the  water;  as  such  incrustations  form  a  non-con- 
ducting shield  between  the  fire  and  the  matter  to  be 
heated.  To  prevent  this  injurious  effect,  Mr.  Scott  places 
slabs  or  trays  of  metal,  stone,  or  wood,  near  to  the  bottom 
of  the  boiler,  which,  it  is  said,  so  reduces  the  agitation  of 
the  water  during  the  ebullition,  that  nearly  the  whole  of 
the  sediment  descends  by  its  own  gravity,  and  deposits 
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itself  in  the  trays,  instead  of  on  the  bottom  of  the  boiler. 
The  transniiagion  of  the  heat  is  not  intercepted  by  thb 
arrangement,  while  the  trays  are  removable  at  pleasure^ 
for  clearing  them  of  the  sediinent  deposited  upon  them. 

Another  serious  eril  results  from  the  incrustations;  the 
fceat  which  the  water  wouljl  take  np  being  intercepted  by 
a  non-conducting  substance,  it  acts  powerfully  upon  the 
substance  of  the  boiler,  and  the  metal  is  thus,  as  it  is 
termed,  *' burnt  out."  Mr.  Scott's  trays  will  in  a  great 
measure,  if  not  wholly,  prevent  this  effect  taking  place. 

(FIG.  1.)  (PIG.  2.) 


Patent  Steam  Boiler,  by  Paul  Steemtrup,  Esq.  of  Basing- 
Lane,  London.  ISS!'. 

The  construction  of  this  boiler,  it  will  be  perceived,  is 
much  like  that  of  Mr.  Frazer's,  described  at  page  403; 
its  arrangeraehls  seem  to  render  it  more  adapted  to  steam 


TIVPBTT's  BOlIiBft.  406' 

boftttftban  to  other  purposes.  It  conssiuts  of  an  upper  and 
lower  chamber,  connected  together  at  the  sides,  and  by 
means  of  vertical  tubes. 

Fig.  1,  is  an  end  eleyatton  of  the  boiler ;  fig.  2,  a  trans* 
yecse  vertical  section ;  and  fig:  3,  a  longitudinal  vertical 
section:  the  same  letters  of  reference  designating  similar 
parts  iq^each.  a,  is  the  upper  division,  or  steam  chamber ; 
6,  the  lower  chamber,  connected  with  the  upper  by  the 
side  chambers,  and  by  vertical  tubes,  c  c  r,  as  shown  in 
the  sections ;  d,  represents  the  fire  bars,  on  which  the  fuel 
is  laid ;  e^  the  bridge ;  /,  the  ash-pit ;  9,  the  chimney,  which 
is  likewise  surrounded  with  water  to  economise  the  heat ; 
h  is  the  steam  pipe;  k  the  man 'hole. 

The  patentee  states  that  this  boiler  may  be  adapted  to 
burn,  any  kind  of  fuel,  i.  e»  coke,  coal,  or  wood,  by  merely 
shifting  the  bridge  farther  back,  or  advancing  it  to  the  fore 
part  of  the  boiler;  also  that  the  tubes  c,  which  pass 
through  between  the  fire  bars,  will  acquire  a  higher  degree 
of  temperature  than  those  near  the  chimney,  and  thereby 
cause  an  ascending  and  descending  current,  which  is  fa- 
vourable to  the  generation  of  steam. 

(FIG.  1.) 


Patent    Steam    Engine    Boiler^   by    Thomas   Tippetty  of 

Gwennapy  Cornwall.     1828, 

The  object  of  the  patentee  in  this  boiler  has  been  similar 
to  that  of  roost  of  his  predecessors,  that  of  exposing  as  ex- 
tensive a  surface  as  possible  of  metal  to  the  influence  of  the 
furnace.    Fig.  1,  represents  a  front  end  view,  and  fig.  2,  is 
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a  side  view ;  the  same  letters  of  reference  in  each  referring 
to  similar  parts,  a,  is  a  double  cylinder,  of  the  uaaal  con* 
struction  of  the  cylindrical  boiler,  the  internal  cylinder 
constituting  the  fire-place  and  flue.  From  the  external 
cylinder,  which  contains  water,  proceed  three  rows  of 
open  vertical  pipes,  bb  by  which  support  a  semi-cylindrical 
vessel,  c.  At  the  farthest  extremity  of  the  cyl^ider  Oy 
proceeds  horizontally  a  short  open  pipe,  d,  communicating 
with  a  small  supplementary  boiler,  which  is  a  cylinder  of 
the  same  area  as  a,  but  very  short. 

This  boiler  is  built  in  a  furnace,  in  which  the  flues  are 
so  arranged,  that  the  heated  air,  in  passing  out  at  the  end 
/of  a,  shall  impinge  against  the  vertical  side  of  the  sup- 
plementary boiler;  the  flue  thence  proceeds  upward,  and 
along  the  underneath  flat  side  of  the  semi-cylindrical 
vessel,  and  between  the  vertical  tubes  to  the  front  of  the 
boiler;  here  it  descends  and  passes  under  a,  round  the 
back  of  the  supplementary  boiler,  then  rises  again  oyer 
the  top  of  the  semi-cylindrical  vessel,  and  proceeds  to  the 
chimney,  which  is  in  front,  nearly  over  the  furnace  doors. 


Steam  Engine  Bailer  and  Furnace,  adapted  to  the  use  of 

Anthracite  Coal,  by  S.  H.  Long,  Colonel  of  Engineersy 

Philadelphia.    1827. 

• 
The  description  of  this  invention  is  extracted  from  the 

Franklin  Journal,  published  in  Philadelphia,  and  is  the 

subject  of  a  communication  from  the  inventor,  who  says:— 
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^^  The  objects  in  view  are  the  constrnction  of  a  boiler, 
that  shall  present  the  largest  surface  to  the  aetion  of  the 
heat,  with  the  smallest  quantity  of  water,  and  such  an 
arrangement  of  the  fire-place,  as  will  subject  the  fuel  to 
the  strongest  draught,  and,  at  the  same  time,  apply  the 
largest  portion  of  heat  to  the  production  of  steam«  The 
manner  in  which  I  purpose  to  accomplish  these  objects,  is 
as  follows: — 

'^  The  accompanying  figure  exhibits  a  vertical  section  of 
the  boiler,    a  a  represents  a  cylinder  of  any  convenient 
dimensions,  formed  pf  sheet  iron,  A  or  J  inch  in  thickness, 
rivetted  in  the  usual  manner,  and  constituting  the  exterior 
of  the  boiler.    The  head  of  the  boiler  is  furnished  with 
a  man-hole  and  cap,  and  also  with  an  aperture^  through 
which  the  steam  is  to  be  conveyed  to  the  working  cylinder 
of  the  engine,  c  c ;  a  conical  frustrum,  with  a  concave 
summit,  formed  of  sheet  iron,  of  the  thickness  above-men- 
tioned, constituting  the  interior  of  the  boiler,  and  at  the 
same  time  serving  as  a  fire-place.    The  diameter  of  its 
base  is  about  two  inches  less  than  that  of  the  cylinder  a, 
while  that  of  the  summit  is  about  six  inches  less ;  so  that 
the  thickness  of  the  circular  sheet  of  water  contained  in 
the  boiler,  is  one  iiu:h  only  at  the  bottom,  and  about  three 
inches  at  the  top  of  the  frustrum,  while  the  depth  above 
the  latter  does  not  exceed  three  inches.    The  frustrum 
and  cylinder  are  firmly  connected  at  bottom,  by  means  of 
a  ring,  g  9,  of  cast  iron  or  other  metal,  and  rivets  passing 
through  them  respectively.    The  ring  g  g  must  extend 
below  the  cylinder  and  frustrum,  far  enough  to  receive  a 
flanch  or  step,  for  the  support  of  the  grates  6,  which  are 
to  be  adjusted  to  the  circular  area  of  the  fire-place.    The 
door  is  10  or  12  inches  in  diameter,  through  which  fuel 
is  to  be  administered.    It  is  formed  by  means  of  a  sleeve 
of  sheet  iron,  firmly  rivetted  to  the  cylinder  and  frustrum, 
through  the  sides  of  which  last  is  a  corresponding  perfo- 
ration of  the  same  diameter.    The  flue  proceeds  from  the 
side  of  the  upper  end  of  the  frustrum,  and  communicates 
with  the  chimney. 
^^  The  flue  may  be  constructed  in  such  a  manner  as  to  pass 
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or  wind  upon  the  outside  of  the  cylinder,  fkna  apply  its 
beat  exteriorly  to  the  boiler^  and  then  communicate  with 
the  chimney.  The  boiler  may  be  sheathed  on  the  outside 
with  pine  staves,  or  any  ether  non-conductor. 

^^  The  dotted  line  w,  represents  the  surface  of  the  water 
in  the  boiler,(the  space  above  serving  as  si^am  room.  The 
tube  through  which  the  water  is  conveyed  into  the  boiler, 
may  enter  the  latter,  at  any  convenient  point  below  the 
surface  w. 

^^h  h  represents  a  prolongation  of  the  ring  adapted  to 
the  use  of  anthracite,  which  cannot  readily  be  ignited,  in 
contact  with  a  conductor  at  a  low  temperature.  The 
depth  of  the  ring  should  be  about  oae  foot.  It  must  be 
lined  with  fire  bricks,  or  lute  of  suitable  thickness,  as  re- 
presented at  /,/,  resting  upon  the  grates  i,  or  otherwise 
supported.  The  fire-place  in  this  instance  will  be  situated 
below  the  boiler,  and  included  within  the  ring  A.  The 
whole  of  the  heat  that  may  be  generated  must  ascend 
through' the  boiler,  and  a  large  portion  of  it  be  applied 
to  the  production  of  steam. 

^^  The  flanch  or  step  for  the  support  of  the  grates  will  be 
circular,  and  may  be  inserted  within  the  ring  a,  and  siis* 
tained  by  screw  bolts  or  rivets  pacing  through  it  and  the 
ring,  as  represented  in  the  figure. 

^^Any  number  of  boilers,  of  the  description  above  given, 
may  readily  be  combined  and^made  subservient  to  the  pro« 
duction  of  steam,  sufficient  for  the  sup{dy  of  the  most 
powerful  engines. 

^^  If  we  assume  three  feet  for  the  height  of  the  frustrum, 
34  inches  for  its  greatest,  and  30  inches  for  its  least  dia- 
meter ;  and  three  feet  for  the  diameter,  and  four  feet  for 
the  height  of  the  cylinder  a;  the  surface  exposed  to  the 
action  of  the  heat  will  be.  about  28  square  feet,  nearly 
equal  to  that  of  a  locomotive  engine  of  the  ordinary  con- 
struction, while  the  weight  of  the  water  contained  in  the 
boiler  will  be  less  than  one  third  of  that  required  for  the 
common  cylindrical  boiler.^^ 

The  hints  herein  afforded  for  the  burning  of  anthracite 
may  prove  useful ;  the  arrangement  appears  good,  and  a 
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large  surface  of  boiler  is  exposed  to  the  action  of  the  fire; 
it  possesses^  however,  biit^  little  novelty,  as  a  very  similar 
contrivance  for  generating  steam  was  proposed  in  the  Re* 
gister  of  Arts,  vol.  3,  (first  series),  page  339,  which  was 
the  subject  of  a  communication  to  that  work  by  the  author 
of  this  Appendix,  about  sixteen  months  prior  to  Colonel 
Long's  letter  in  the  Franklin  JournaL  The  plan  was  to 
have  two  cones  concentrically  placed,  the  inner  cone  to 
constitute  the  fire-place,  with  a  descending  flue,  and  the 
space  between  the  inner  and  outer  cone  to  constitute  the 
boiler. 


Self -acting  Feeder j  for  High^preesure  Boilers^  by  R.  and 
W.  Franklin^  of  Tottenham  Court  Road.    1525. 

It  is  the  universal  practice  to  supply  the  boilers  of  con* 
densii^g^  ep^ines  with  water,  by  means  of  a  float;  but  to 
the  p.ppi|f:atioo  of  a  float,  in  the  uspal  way,  to  bigh-pres- 
svre;J>ojIer8,. there  are.  two  objections.  The  first,  is  the 
inconvepient  height  of  the  jack->hejady  in  order  to  coun- 
terbalance the  pressure  of  the  steapiy  (a  pre^ufe  of  40 
pounds  on  the  ^nch  requiring  the  jack-he$id  to  be,  70  feet 
hjgh^r  the(,n,th^ ^boiler);  the.sj^cond,  is.th^  difliculty  of 
packing  the;  flof.t^od,so  as  to.prevent  the  es^pe  of  steam, 
and  ye)t  allow  the  rod  to  move  easily,  wh^n  acted  on  by  so 
small  a^  force  as,  t||e  hydrostatic,  weight  on  the  float. 

To  pbviate  these\  difficulties,  Itfr^  FxatTklin  substitutes 
a  heavily  loaded  valve  instead  of  a  high  jack-head,  and 
8^togetI]^er.  avoids  the  use  of  a  stuffing-box,  by  jpJtaciog  the 
lever  of  the  float  within  the  boilex,  as  will  be  seen  on  re«* 
ference  to  th^  annexed  figure,,  which  give^  a  sectional 
view  of  the  apparatus  as  applied  to  a  boiler*  ... 
.  a  a  shows,a  portion  of  the  upper  part  of^a  boiler,  /b  thj^, 
man  hale,  c Ihe  level, of  the  water  in  the Iwiler,  da  lever 
suspended  by  an  arm  to  the  top  of  the  boilBr,,  and  having 
the  float  e  at  one  end,  and  the  counterpoise./ at  the  oth^r;. 
g  is  ^  rod  of  half-inch  round  iron,  connected  with  that 
arm  of  the  lever  which  carries  the  counterpoise ;  it  passes 
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through  the  guide  or  ring  t,  which  is  riretled  to  the  feed 
pipe  it,  and  is  attached  at  bottom  to  a  round  flftt  disc  A. 

The  feed  pipe  i,  is  long  enough  to  hare  its  orifice 
always  below  the  level  of  the  water  c ;  its  upper  end  is 
closed  by  the  ralre  J^  and  to  the  bottom  of  the  valve  is 
Hcrewed  a  long  tail  or  spindle,  which,  when  the  valve  is 
shut,  descends  below  the  opening  of  the  feed  pipe,  end 
almost  rests  upon  the  plate  or  disc.  As  the  water  lowers 
by  evaporation,  the  float  end  of  the  lever  descends,  and 
the  opposite  end  rises;  the  consequence  of  this  will  be 
to  raise  the  end  9,  to  bring  the  plate  k  in  contact  with 
the  end  of  the  spindle  of  the  valve  l,  and  thus  to  raise 
the  valve  itself,  and  open  the  feed  pipe,  as  represented 
in  the  figure.  The  box  m,  having  been  previously 
filled  with  water  by  means  of  the  forcing  pump,  at 
the  end  of  the  service  pipe  n  a,  (not  shown),  all  reflux 
of  hot  water  fVom  the  boiler  is  prevented  by  the  valve 
o.  As  soon  as  the  pressure  of  the  forcing-pump  ex- 
ceeds that  of  the  steam,  the  valve  o  is  lifted,  and  water 
passes  through  the  pipe  r,  into  (be  box  m,  and  thence 
down  the  fised  pipe  k,  into  the  boiler;  the  valve  /,  being 
prevented  fi-om  cosing  by  the  support  which  it  receives 
from  the  plate  k.     As  the  level  of  the  water  in  the  boiler 
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riwsy  the  counterpoise  end  of  the  lever  d  descends,  and 
with  it  the  rod  9,  the  plate  A,  and  the  valve  /.  In  this 
situation  of  the  machinery,  the  water  delivered  by  the 
service  pipe  raises  the  valve  m,  passes  the  box  9,  and 
flows  off  by  the  waste  pipe  «•  The  valve  p  also  acts  as  a 
safety-valve  to  the  boiler,  its  pressure  being  adjusted  by 
means  of  the  weight  on  the  lever  r.  The  working  pres- 
sure of  the  steam  in  the  boiler  having  been  deterorined, 
the  load  on  the  valve  p,  must  be  greater  than  this,  but  less 
than  the  power  applied  to  the  forcing  pump. 

This  is  an  ingenious  method  of  regulating  the  quantity 
of  water  supplied  by  a  forcing  pump  to  high- pressure 
steam  boilers,  and  obtained  for  its  inventors  a  reward 
from  the  Society  of  Arts,  in  1885.  The  mode  of  suspend- 
ing the  float  lever  in  the  interior  of  the  boiler  is  deserving 
of  imitation,  in  low  as  well  as  high-pressure  boilers. 

Method  of  suppfying  Sbtfer«,  by  Mr.  Thonuu  Hall^  af 

Glasgow. 

In  the  year  1888,  Mr.  Hall  introduced  a  method  of  sup" 
plying  steam  boilers  with  water,  by  which  a  considerable 
saving  in  fuel  was  efiected;  amounting  in  a  60  horse 
engine  (employed  at  the  Glasgow  Water  Company's 
works,  to  which  the  improvements  were  applied),  to  no 
less  than  IScwt.  per  day,  or  about  25  per  cent,  as  was 
attested  by  thei  secretary  of  the  company. 

Instead  of  allowing  the  admission  of  a  constant  supply 
of  water  into  the  boiler^  suited  to  the  proportion  of  steam 
required^  Mr.  Hallwadmits  a  given  quantity  at  stated 
times. 

The  60  horse  engine  in  question  was  worked  about  17 
hours  daily,  at  a  speed  of  12^  strokes  per  minute;  diameter 
of  the  pump,  22  inches-;  stroke,  eight  feet;  height  to  which 
the  water  is  raised  by  it  in  the  city,  ISO  feet.  This  engine 
was  provided  with  three  boilers,  each  16  feet  9  inches 
long,  5  feet  6  inches  wide,  and  6  feet  1  inch  deep.  Length 
of  furnace  bars,  S  feet  S  inches ;  width  of  furnaces,  4  fec^t 
6  inches;  declivity,  one  foot  in  three.      The  foregoing 
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proporliond,  though  admirably  adapted  for  tlie  coimiHm 
mode  of  working,  were  found  unnecessarily  la^ge  upott 
Mr.  HalPs  plan;  accordingly,  their  dimensidns  were  con* 
traetcd  nearly  one  fourth,  and  two  boilers  vione  were 
found  fully  adeqnate  to  supply  iHe  engitte  witbatemn;  the 
common  height  of  the  water  in  the  boiier,  iihree  feet  six 
inches.  '         *   • 

When  engines  are  stopped  at  nightj  there  is  always  a 
quantity  of  fuel  left  unconsumed,  to  which  more  fuel  is 
generally  added,  in  order  to  have  the  fiilFnaces  if\  a  prop^f 
state  for  starting  in  the  morning.  The  fire  being  thus 
kept  up,  it  is^  obvious,  must  cause  a  consideraWe  reduction 
of  the  water  in  the  boiler,  so  that  the  engines  are  again 
set  going,  a  great  deal  of  watdr  must  be  let  in  to'bupply 
the  loss  sustained  by  evaporation ;  at  which  time  also^  a 
great  addition  of  fuel,  and  much  care  and  attention,  are 
requisite.  To  obviate  these  disadvantages,  Mr.  Hall 
adopted  the  pl^n  of  running  in  a  giv^n,  quantity  of  water 
into  the  boiler,  above  the  ordinary  height  at  night,  which 
he  found  might  be  done  quite  safely,  in  boilers  of  the 
above  slse,  to  the  extent  of  18  •  inches.  To  prevent  the 
danger  of  overfilling,  or  the  inconvenience  :of"not  jntro^ 
ducing  a  sufficient  quantity,  Mr.-  Hall  placted  another 
float  in  the  hotter,  above  that  in  general  use,  which  caiv* 
pletely  answened  the  pnvpoae;  li^his  second  float  he  fixed 
at  the  distance' of  <18  inches  froin  theififet,  and  counter* 
poised  it  by  a  weight  under  the  comBMn  one.     . 

k  l^  figs.  1  and *2,'  represent  the  two  floata  in  the  boiler 
m,  with  their  respecti^^  connterpoises n  o*  By  removing 
the  weight  n,  the  floats  deacend,  and  coaseque^ly  open 
the  feeding  valve  p,  fig.  8;  water  being  then  admitted  by 
turning  the  stopHsock,  thOifteding  of 'the  boiUr  goes  on, 
till  the  water  having  reached  the  upper  float,  it  gradually 
ascends  and  shut*  the  feeding  valve^*  thereby  prevei^dg 
the  admission. of  water  beyond*  the  height  already  stated, 
and  requiring  also  the  instant  shotting  of  the  stop-cock, 
neglecting  which  would  occasion  waste  ofwater^  by  over- 
flowing the  damper-pipes. 

Mr.  Hall  states  that  he  was  next  led  to  the  invention  of 
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(FIG.  3.)  (FIG.  1.) 


the  email  cistern  g,  fig.  1 ;  this  be  placed  on  a  level  with 
the  top  of  the  feeding  pipe,  with  which  it  commMnicalei 
by  the  conduit  pipe  i  i.  On  the  top  of  this  cistern  is  a 
valve  c,  rendered  belf-acling  by  means  of  a  "float  A,  sus- 
pended from  the  lever  e,  nnd  counterpoised-  by  the  weight 
d.  The  action  of  this  apparatus  is  as  follows:^— whvn  the 
engine  is  stopped  for  the  night,  eH  that  is  necessary  h-the 
removal  of  the  counter  weight  n,  fig.  2,  on'  which  the 
feeding  valve  p  instantly  opens,  from  the  descctit  of  the 
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compound  float  k  I;  the  water  then  floats  along  the  con* 
duit  pipe  1 1,  from  the  cistern  g^  causes  the  falling:  of  the 
float  A,  the  consequent  opening  of  the  valve  c,  and  the 
admission  of  the  water  from  the  main  cistern  «,  by  the 
pipe  6.  A  constant  supply  is  thus  kept  flowing  into  the 
boiler,  until  by  the  ascent  of  the  water  to  the  line  parallel 
with  the  float  it,  fig.  1,  the  feeding  valve  is  shut;  the 
water  however  continuing  to  flow  into  the  small  cistern  g, 
raises  the  float  A,  which  shuts  off  the  communication  with 
the  pipe  6,  by  the  valve  c.  The  feeding  of  the  boilers  is 
thus  managed  with  great  simplicity  and  certainty,  the 
waste  of  water  completely  prevented,  and  attendance  of 
the  stop-cock  rendered  unnecessary.  By  suspending  the 
lower  counterweight  in  its  place,  at  the  time  of  setting 
the  engines  to  work,  the  further  ingress  of  water  is 
stopped,  this  extra  18  inches  being  found  suflSicient  to 
work  the  engine  nearly  six  hours.  The  running  in  of  a 
large  quantity  of  water  at  this  time,  as  well  as  the  care 
and  attention  required  to  be  paid  to  the  firing,  on  the 
ordinary  mode  of  feeding,  are  also  dispensed  with.  It 
has  been  stated  that  the  quantity  of  water  admitted  into 
the  boiler  at  night,  beyond  the  common  height,  b  18 
inches;  this  addition,  however,  from  the  heat  of  the  fur- 
naces, soon  attains  a  state  of  ebullition,  and  a  consequent 
diminution.  Here  the  utility  of  the  self-acting  valves  in 
the  cistern  will  be  evident,  as  whatever  waste  takes  place 
in  the  boiler  is  thereby  completely  provided  for.  By  the 
single  process  of  admitting  this  more  than  ordinary  height 
of  water  at  night,  from  eight  to  ten  hundred  weight  of 
fuel  is  saved.  Where  engines  cannot,  from  the  nature  of 
the  work,  be  conveniently  stopped  during  the  day,  the 
saving  from  the  filling  at  night  only  can  be  obtained ;  for 
the  weight  n  being  an  exact  counterpoise  to  the  upper 
float  Jr,  so  soon  as  the  water  in  the  boiler  has  decreased 
beyond  18  inches,  the  under  float  comes  into  action,  the 
same  as  if  the  other  had  not  been  in  use^  and  feeds  the 
boiler  in  the  common  w^y.  But  where  engines  can  at 
any  time  be  stopped,  to  allow  the  introduction  of  a  given 
height  of  water  into  the  boiler,  the  great  advantage  of 
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doing  so  will  be  apparent.  The  waste  of  fuel  daring  this 
uperation  is  rendered  quite  trifling,  the  dampers  being 
confined  somewhat  below  the  working  point,  by  means  of 
a  hook  and  chain.  A  further  saving  of  nearly  five  hun* 
dred  weight  is  obtained  by  this  second  filling,  and  a  third 
suffices  for  the  day's  work  of  17  hours,  in  the  60.  horse 
engine  before  mentioned,  when  the  same  result  is  pro- 
duced, completing  a  saving  of  nearly  a  ton  of  fuel  per 
day,  or  25  per  cent. 

The  saving  in  fuel  might  be  carried  to  a  still  greater 
extent,  if  the  main  cistern,  a,  were  placed  in  a  convenient 
situation  to  receive  the  warm  water  from  the  engine,  and 
if  steam-engine  boilers'in  general  were  made  sufficiently 
large  to  allow  the  admission  at  night  of  the  requisite 
quantity  of  water  for  the  ensuing  day's  work,  particularly 
where  Engines  cannot  be  stopped  during  the  day. 

The  diagram  fig.  3,  shows  the  floats,  and  the  manner  of 
fixing  them  to  any  given  height  by  the  sliding  rod,  at- 
tached to  the  same  lever  as  the  common  float.  The  utility 
of  this  invention  will  be  evident  in  those  works  where 
engines  are  stopped  at  meal  hours,  or  any  other  time ;  as, 
whatever  quantity  of  water  may  be  required  to  be  run 
into  the  boiler,  all  the  fireman  has  to  do,  is  simply  to  re- 
move the  counterweight  ft,  and  fix  the  float  k  to  the 
height  required. 

The  following  is  a  comparative  statement  of  the  actual 
consumption  of  fuel,  on  the  old  and  new  modes  of  working 
the  60  horse  engine  of  the  Glasgow  Water  Works,  as 
attested  by  the  secretary  of  the  company. 


Omt.  XbMu  CM 

One  week*8  consamption  upon  the  old  mode    Si    8       Ashes    1  16 
Dittoyon  Mr.  Hairs  new  mode..... IS  12       Ditto     1    4 
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Equal  to  about  19  hundred  weight  less  per  day,  and  two 
hundred  weight  less  ashes. 

In  concluding  this  part  of  our  subject,  we  have  the 
pleasure  to  state,  that  a  very  important  improvement  has 
been  made  to  steam  boilers,  applicable  to  all  forms,  in- 
cluding those  of  the  tubular  kind,  which  will  entire)) 
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prev^.llie:  incr4i9t«U9ii  of  ilpfofifs^  and  imM.^jen^^ 
hoUtts'Anbe  cleaned  omI:  9t  4liy  .time,  >y^ttioa)t  ,fA9ppiiig 
Uie  eBgiaes*  .-We  are  9at.pei[7aiU(edt.t^.;^a.y  more^  fis  tbe 
inveatkniL  is  oM^y^tsecilf^d  t^y.tfie.sfjBlir^pf  llfj^  paj(^t* 

111  the  setting  of  steam  boH^rs,  tbe  usual  widtb  left  for 
tlie  side  flues  is  nine  inches;  the  object  of  *n^litclt'ltks  been 
to  allow  sufficient  room  for  the  passage 'of  ti 'sweepings  boy 
to  clear  thiem  o^  the  soot.  In  some  instances-,  however, 
this  width'  has  been  reduced  to  four  or  five  inched,  and 
mechanical  means  resorted  to  for'  si^eepitig  them.  -'A 
double  advantage  results  from  this  iniprovemeilt,  viz.  ai 
considerable  saving  of  fuel  is  effected,  andthe  dc^grdding 
employment  of  the  chimneysweep  superseded.  The' flues 
will  require  sweeping  more  frequently,  'by  their  being 
contracted  in  their  dimensions,  but  by  ihe  removal  of  a 
brick,  or  a  plug  or  two,  and  the  ihsertiod  of  long-handled 
brushes,  it  is  easily  effected.  '/■''' 


SAFETY  VALVEsl 


It  wotid* be; heedless  i6  caspatint^rfp  ike  imp^tance  of 
safety  vil«eB*flO'f he /3tea«h  ej|giiip^i§Mi^  ^L^.tejfiii  itself 
conveys  to  the  mind  not  only  their  importance,. but  theif 
heeessitiyl^  I'Tbe  invention. iwa^.^fir^ti;  intiroduced-by  Or. 
Papin^  in[i6B4,  as  an  a|>pie<i4ag€f|tq(iij^.iHppaf^tjua  for  dia- 
Bolring.lMna  by  ateam  at  a  Ui^'presilur^^  hut  \p  Save^y 
is  due  the  merit  oftficst  applyitig  i(  ta<)tke.fitepipfei|gifi^. 
It  afterwards  .Teca^red  some  improvement  in  its  form  by 
BeighfoTT,  sincfe  #hieh  time  (i7I8)^tketapfpar&tinr  baa  re- 
mained' uhalteripd^  in  it^formr  ftnd  its  'denoihiiMtion,tft^ 
Steelyard  sqfei!^  valve,  (which  it  received  in  consequence 
of  i's  resemblance  to  the  ancient  weighing  machine,)  re- 
tnaihathe same.  '\i'  .   .   '; 

Safety  valves  are  popularly  considered  aa  only  a{y>lied 
"to  give  venHo  the  aleaw^  when  its  force  bec^jn^  too  gr^ai 
for  the  strength  of  tbe  boiler  to  sustain,  without  the  risk 
of  bursting;  but  there  is  another  kind  of  safety  .valve,  of 
precisely  the  reverse  description  i  which  provides  for  the 
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.ety  or  the  boiler,  if  the  presaare  in  it  should  become 

ioo  Httle  to  support  the  pressure  of  the  atmosphere,  in 

which  case  the  boiler  wouM  be  crushed.    The  latter  are 

called,  by  engineers,  internal  saA^ty  valves,  in  contradis* 

tinction  to  those  of  the  tfsual  descriptiott,  termed  external 

safety  valves;  the  internal,  however,  beirig  only  used  in 

v^ry  lavge,'-  and,  cottdeqnently,  wetfk  boilers,  arcf  seldom 

required^   we  shall  therefore    briefly  state,  thai   they 

Usually  Minist  of  an  inverted  cotiical  plug,  kept  in  its 

seat  by  sblevel*,  loaded  with  a  weig*!!!,  which  will  be  couri- 

terbdlancedtby  the  pressui^e  of  tbe  atmosphere,  when  the 

'jr4tter  exceeds^,  by  three  or  foiDr  pbunds  per  superficial 

inch,  the  pressure  of  the  steam  in  the  boiler. 

'    Of  the  external  safety  valves,  the'  steelyard  form  of 

i^apid  and  lighten  is  almost  ilniversal;  and  as  it  has 

-beea  frequently*  introduced  in  the  fornrer  pages  of  this 

.wbrk,^  we  shall  not  here  repeat  the  description,  but  merely 

•ilfake  a4(^^rMiark8  on  the  regulations  which  ought  to  be 

observed  in  its  use. 

The  valve  should  be  always  kept  inclosed  in  a  box,  with 
a  pipe  ledditig  to  the  chimney  to  carry  off  the  steam  that 
escapes ;  the  box  should  be  kept  locked,  and  the  key  in 
the  proprietor's  pocket  or  charge,  in  order  that  the  loading 
t>f  the  valve  sh6uld  not  be  placed  at  the  discretion  of  an 
ignorant  or  iiljttdicious  attendant;  numerous  dreadful 
accidents  have  occurred  from  the  mismatiagemeiit  of  the 
safety  valve,  and  if  has  been  averred  that  some  explosions 
ht^ye  originated  by  persons  maliciously  overloading  the 
saftiy  valve. 

'  It  is  not^oincommon  in  low-pressure  boilers  to'  place  the 
Whole  load  directly  upon  the  valve,  instead  of  increasing 
the  fbrce  of  the  weight  by  leverage :  and  it  is,  uirques- 
tionably,  the  safest  arrangement,  wherever  valv^d  are 
exposed  to  the  interference  of  improper  persons ;  biit  it  is 
better  in  all  cades  to  inclose  them.  The  load  per  inch  on 
the  valve  should  only  just  exceed  the  foi'ce  of  steam  per 
inch  required  to  work  the  engine;  and  the  orifice  opened 
bhould,  in  all  cases,  be  so  large  as  to  permit  the  steam  to 
escape  faster  than  it  can  be  generated. 

18.  S« 
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Fusible  metal  plugs  have  been  proposed  as  an  additir>p«l 
precaution  to  the  use  of  safety  valves.  The  suggestion 
originated  with  Trevithick,  who  had  boles  drilled  in  the 
sides  of  his  high-pressure  cylindrical  boilers,  just  below 
the  water  line,  in  which  the  plugs  were  inserted ;  so  that, 
should  the  water,  from  any  accidental  circumstance,  sink 
below  its  proper  level,  and  endanger  the  explosion  of  the 
boiler,  by  the  sides  becoming  intensely  heated,  the  plugs 
would  melt,  and  allow  the  steam  and  explosive  gases  to 
escape.  They  have  also  been  recommended  to  be  put  into 
the  bottoms  of  the  boilers,  in  order  that,  if  the  boiler 
should  become  dry,  the  plug  should  fuse,  and  the  fire  be 
put  out  by  the  discharge  of  the  steam  into  the  furnace   • 

Some  manufacturers  introduce  two  safety  valves  to  a 
boiler,  one  of  them  loaded  with  a  less  weight  than  th^ 
other,  in  order  to  give  timely  notice  of  the  excess  of  pres* 
sure,  as  well  as  with  the  view  of  increasing  the  security, 
should  one  of  the  valves,  owing  to  corrosion,  stick  in  its 
seat,  or  fail  to  act  properly,  from  any  pther  cause. 

The  mercurial  gauge  is  another  great  security  to  a 
boiler,  as  it  always  indicates  the  exact  pressure ;  and  should 
the  force  of  the  steam  increase  beyopd  the  range  of  the 
gauge,  so  as  to  endanger  the  security  of  the  boiler,  the 
mercury  is  forced  out  of  the  tube  into  a  vessel  placed  to 
receive  it,  and  the  steam  escapes  up  the  tube  into  the 
atmosphere.  The  weight  of  the  mercury  might  be  made 
to  depress  the  power  end  of  a  long  lever  of  the  first  class, 
by  attaching  the  receiver  to  it,  whose  other  end  might 
raise  a  vatve  loaded  with  a  weight  greater  than  the  pres- 
sure of  the  steam  which  ejected  the  column  of  mercury 
out  of  the  tube;  the  valve  would  thus  be  kept  open,  and 
afibrd  a  great  additional  security  to  the  boiler;  or,  the  de- 
pression of  the  lever  by  the  mercury,  might  be  made  to 
ring  a  bell  to  call  attention  to  the  circumstance;  or 
to  damp  the  fire,  by  shutting  off  the  supply  of  air,  and  by 
various  obvious  means  be  made  to  check  the  too  rapid 
generation  of  steam* 

Instead  of  the  conical  plugs  usually  employed  in  safety 
valves,  Mr.  Woolfe  has  introduced  very  generally  into 
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hiB  boilers  plugs  of  a  cylindrical  form.  The  cylinder, 
which  fits  easily  into  an  aperture  in  the  top  of  the  boiler, 
haa three  longitudinal  grooves;  the  steam  passes  up  these, 
and  pressing  against  the  under  surface  of  the  head,  raises 
the  plug,  and  allows  the  steam  to  escape.  The  plug  is 
,  loaded,  either  by  a  weight  suspended  to  it  inside  the 
l^boiler,  by  weights  laid  directly  upon  the  top,  or  by  the 
agency  of  a  loaded  lever. 

We  shall  now  proceed  to  describe  several  new  forms  of 
safety  valves  that  have  recently  been  published  in  the 
scientific  journals,  and  which  have  been  successfully 
brought  into  use. 


Seff-acting  Safety  Valve,  by  Benjamin  Hicka,  of  Bolton, 
LaiKaakire.    1822. 

This  invention  was  described  by  Mr.  Hicks  (of  the 
Steam  Engine  Manafactory,  at  Bolton),  in  a  letter  to  the 
editor  of  the  Leeds  Mercury.  The  writer  states  that  it  is 
sot,  strictly  speaking,  his  invention,  but  rather  his  appli- 
cation of  it  to  a  new  purpose,  and  that  a  similar  valve 
had  been  used  as  a  clack  for  a  pump,  upwards  of  a  hun- 
dred years  ago.  He  observes,  that  he  has  had  a  valve  of 
the  kind  in  use  for  upwards  of  four  years,  and  is  of  opinion 
that  it  is  scarcely  possible  for  an  accident  to  take  place  in 
a  boiler  provided  with  one. 


4fl>  BTB^S  lArBTT   TALTB. 

Tlie  openiDg  ia  the  loirBr  part  of  tbe  box  (wUeh  ib 
fixed  on  the  tioUer  top^or^  if  aK^reeoBTeBienUy,  ia  any  pari 
of  a  pipe  liaviog  a  free  cooiaiuBkatioa  witli  it,)  leqoirea 
to  be  of  such  a  tise  as  to  allow  a  free  ditcbarge  of  all  Ibe 
•team  tbe  boiler  is  capable  of  geBeratiaf^.  Tbis  opeaiai^ 
ie  covered  witb  a  spherical  ▼alve,  (wbicb  is  aiade  of  lead 
aod  covered  iritb  bran,)  of  saeb  a  weigbt  as  to  press  witb 
as  many  pounds  per  sqoare  incb,  as  tbe  pressure  c^  tbe 
steam  in  tbe  boiler  at  its  maximam.  Tbe  projections  are 
merely  to  prevent  tbe  ball  from  fallinf  off  its  seat. 

It  is  obvipus  that  this  valve  works  witb  very  little  frie* 
tion,  and,  requiring^  no  attention,  may  be  entirely  secorea. 
from  the  interference  of  careless  attendants,  and  a  pipe 
may  be  attached  to  tbe  branch  of  the  box,  and  carried 
into  tbe  c|iiii9||ey.  Mr.  Hicks  recommends  this  valve,  not 
as  a  substitute  for  the  ordinary  safety  valve,  but,  in  all 
cases,  in  addition,  and  so  loaded  as  only  to  be  brought 
into  action  at  a  very  irifling  additional  pressure  above 
that  to  which  the  other  is  subjected.* 

This  valve  would  be  found  of  great  service  in  prevent- 
ing  tbe  boiling  over  of  the  feed  pipes  of  boilers,  when  the 
rooais  over  them  are  used  as  drying  stoves  in  printing 
works,  bleaching  works,  &c. 

Patent  Safety  Apparatus^  by  Joseph  Eve,  of  London.  1825. 

At  page  386,  a  description  is  giyen  <4  l^t  ]&¥^'9  tuba* 
lar  boiler,  to  which  this  safety  apparatus  is  provided ;  but 
it  is  equally  applicable  to  any  other  boiler,  whether  of 
high  or  low  pressure. 

Fig.  1,  shows  tt  vertical  section  of  a  componnd  tube; 
a  is  a  piston  rod,  screwed  into  a  piston  6,  fitting  a  hollow 
cylinder  c,  which  is  screwed  at  its  base  in^o  the  steam  re- 
ceiver or  boiler,  o  is  a  hole  perforated  through  6,  to 
allow  the  steam  to  ascend  into  the  hollow  space  above 
the  piston,  so  that  the  pressure  is  equal  on  both  sides, 
with  the  exception  of  the  piston  rod^  the  diameter  of 

*  Register  of  Art*,  vol.  ir.  p.  341. 
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whicb  alone  is  unbalanced.  The  piece  k  i,  screwed  into 
the  upper  part  of  the  tube  «,  prevents  the  steam  from 
ascending  higher;  another  piece  g  g,  having  a  hollow 
space  in  the  top,  ia  screwed  into  k.  Both  these  pieces 
have  a  hole  bored  in  their  centres  lengthways,  of  a  dia- 
meter  equal  to  the  piston  rod  a,  and  to  allow  it  to  work 
up  and  down.  The  hollow  space  in  the  middle  of  the  two 
pieces  g  and  h  is  filled  with  packing,  so  as  to  prevent  any 
escape  of  the  steam  lengthways  of  the  piston  rod.  The 
cup  p,  at  top,  is  filled  with  oil ;  k  k  is  a  basin  containing 
water,  to  keep  the  upper  part  cool ;  the  W4tgbt3  with 
which  the  apparatus  are  loaded  are  placed  at  ni> 

The  hollow  tabe  «  has  longitudinal  opeainga,  as  repre* 
sented  in  fig.  4,  (which  is  an  external  view  of  it,)  and 
through  these  openings  the  steam  escapes,  wheocver  the 
piston  b  rises. 

Fig.  2  represents  a  jacket,  which  fits  over  the  tube  «, 
it  has  likewise  the  same  number  of  longitudinal  boles  cut 


•OCKL^t  SAFETY  Tif.VB. 


through  it,  and  slides  over  the  said  tnbe ;  by  adjusting  this 
jacket,  the  channel  for  the  escape  of  steam  can  be  made 
narrower,  accordingly  as  it  may  be  desirable  to  raise  the 
piston  more  or  less.  The  hollow  vessel  ly  is  fixed  over  the 
lower  part  of  the  apparatus,  so  as  to  intercept  the  steam 
from  the  upper  part  of  it,  when  the  rod  is  loaded.  The 
pipe  q,  leads  from  the  hollow  vessel  Ij  to  the  condenser, 
or  serves  for  the  escape  of  steam. 

Fig.  S  presents  an  outside  view  of  the  piston ;  a  is  the 
rod ;  c  c  packing  rings,  two  on  the  upper  side  and  two  on 
the  lower ;  these  rings  press  against  the  tube  «,  keeping  it 
steam-tight,  so  as  to  admit  none  to  escape  by  the  longitu-- 
dinal  openings;  d  d  are  two  pieces  of  metal  screwed  on  at 
the  top  and  base  of  the  piston,  to  confine  the  packing 
rings.* 

Sqfety  ValvCy  by  Mr.  C.  Socklj  of  Royal  Row^  Lambeth. 

1825. 

» 

The  inventor  of  this  contrivance  was  rewarded  by  the 
Society  of  Arts  for  the  invention.  It  appears  to  be  cal- 
culated to  afibrd  very  great  security,  and^  in  the  opinion 
of  the  inventor,  is  peculiarly  applicable  to  steam  boilers 
on  board  of  vessels. 


Instead  of  the  solid  lid  which  covers  the  main  hole,  a 
copper  plate  or  dish  is  to  be  substituted,  as  shown  in  the 
above  figure.  6  is  the  copper  dish,  surrounded  by  a  rin^ 
of  the  bame,  by  which  the  plate  is  firmly  screwed  down 
upon  the  rim  of  the  main  hole.  In  the  middle  of  the 
plate  is  fixed  the  valve,  of  which  /  is  the  collar,  made  of 


*  Register  of  Arts,  vol.  iv.  p.  87. 
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iron  or  brass ;  d  the  plug,  which  is  ground  air-tight  into 
the  collar,  and  is  kept  in  its  place  by  the  spiral  spring 
which  surrounds  its  stem,  and  the  slay  e :  over  the  whole 
is  fixed  a  strong  cross-piece  a,  which  is  firmly  screwed 
down  upon  the  ring  that  secures  the  plate  b.  In  the  cross- 
piece  works  the  regulating  screw  c,  which  may  be  screwed 
down  upon  the  head  of  the  plug. 

The  operation  of  the  valve  is  easy  to  understand.  6,  the 
plate  or  dish,  is  only  one-fourth  or  one-third  the  thickness 
of  the  other  parts  of  the  boiler;  it  will  not  aflfbrd  the 
same  resistance  to  the  steam :  when  this,  therefore,  gets 
beyond  the  ordinary  pressure,  it  will  cause  the  plate  to 
become  somewhat  convex,  and  will  thus  leave  a  clear 
space  between  the  collar /and  the  conical  plug  d,  for  the 
steam  to  escape;  as  soon  as  the  power  diminishes,  the 
plate  will,  by  its  elasticity,  return  to  its  former  place,  and 
by  closing  down  upon  the  plug,  prevent  any  further 
escape  of  steam. 

The  object  of  this  valve  is  not  so  much  to  regulate  the 
working  pressure  of  the  steam,  as  to  act  in  aid  of  the  com- 
mon valve,  by  affording  an  additional  aperture  in  case  the 
steam  should  acquire  a  dangerous  degree  of  force*  It 
differs  from  the  plug-valves  in  common  use  in  this  circum- 
stance, namely,  that  in  the  latter  the  plug  rises  out  of  its 
socket,  in  order  to  allow  a  vent  for  the  steam,  whereas,  in 
Mr.  Sockl's,  the  socket  rises  away  from  the  plug.  The 
chief  advantage  resulting  from  this  is,  that  if  any  adhesion 
should  have  taken  place  between  the  plug  and  the  socket* 
it  is  more  likely  to  be  overcome,  on  account  of  the  firreat 
surface  of  the  socket  with  its  attached  copper-plate,  which 
is  exposed  to  the  action  of  the  steam.^ 

*  TraotactioDiioftfae  Aiciecy  of  Aite 
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secTioN  in. 

ON  THE  PROPORTIONS  OF  lUB  PARTS  OFB^MlNaS^  TSBtR 
CONSTRUCTiaN  AND  AARANGBIfBlVT* 

In  the  former  part  of  this  work,  ar  considerable  nomber 
of  engines  hare  been  described,  comprising  most  of  the 
variations,  either  in  the  form  or  principles  of  the  machine, 
which  have  been  designed  up  tot  the  present  time.  Having 
thus  shown  the  various  parts  in  their  combined  state,  we 
purpose  describing  the  conetituent  parts  separately,  in 
their  most  approved  (ormd  and  arrangements;  to  which 
we 'Shall  add  dome  rules 'for  thie  proportions,  selected  from 
the  best  authorities.  But  as  our  limits  will  not  allow  us 
to  describe  particularly  each  class,  we  shall  confide  our- 
aelf  es  to^  that  which  is  mostLy  med  to  drive  maefaioery  in 
general,  namely,  the  double-acting  coflden«iiig  engine, 
Und  according  to  its  arrangement,  to  aotienpsliistvely,  or  at 
lull'  pvesisttre;  Of  the  other  sorts  of  engines,  the  non- 
oendenaing  engine'differs  only  in  having  fewer  parts  than 
cdndensitig  engines,  and  the  stngle*-ai^ing  and  atmospberie 
e«gines>ate  employed  chiefly  inipinnping. 

We*  sbaJlk  begi6  with-  the-  position  and  pnofiortions  of 
thereyjinider^  on-  both  which  points  lengineers  difier  widely 
atTOong  tbettiselvee;  we  shall  notice  the  varieties  of  their 
psaetiQe^  with  the- most-  prominent,  obf^etionn  to  some  of 
the  arrangements  which  have  beenr  adopted )in^t bis  "pai^t  of 
the  engine,. . 

The  poHtian^ifi  the- Cnlmder-^hwf^'b^^n  varied  in  all 
possible  ways,  either  to  suit  local  circtimstances,  or  from 
the  peculiar  views  of  the  maker ;  they  have  been  placed 
horizontally,  obliquely,  erectly,  inverted,  and  some  have 
been  made  to  vibrate  on  arms,  and  others  to  revolve. 

Horizontal  Cylinders. — The  principal  reasons  for  pla- 
cing cylinders  horizontally  seem   to   be,   that  a  longer 
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Stroke  can  be  obtained  than  could  be  had  with  the  cylin- 
der in  any  other  position,  and  that  they  are  firmly  and 
readily  fixed  with  but  little  framing.  These  circumstances 
render  the  horizontal  position  peculiarly  suited  for  steam 
boats,  where  the  small  height  below  decks  would  limit 
vertical  cylinders  to  very  short  strokes,  and  cause  the 
piston  to  travel  more  slowly,  thereby  increasing  the  loss 
of  power  from  the  reciprocating  movements  of  the  ma- 
chine; and  it  is  of  advantage  to  the  stability  of  a  vessel 
to  place  the  load  as  low  as  possible.  In  mountainous 
mining  countries  also,  where  the  transport  of  ponderous 
frame-work  would  be  difficult  and  expensive,  these 
engines  offer  greater  facilities  than  others  for  removal. 

In  an  engine  constructed  by  Messrs.  Taylor  and  Marti- 
neau,  for  the  Moran  Mine,  in  Mexico,  the  cylinder  was 
composed  of  two  cylindrical  pieces  bolted  together,  and 
laid  horizontally;  the  diameter  was  18  inches,  and  the 
length  of  stroke  nine  feet,  which  is  the  greatest  length  of 
stroke,  in  proportion  to  the  diameter  of  the  piston,  we 
ever  met  with.  But,  notwithstanding  these  advantages, 
cylinders  in  a  horizontal  position  are  rarely  used,  even 
for  the  purposes  already  mentioned,  for  which  they  seem 
in  many  respects  so  well  adapted ;  the  chief  objection  to 
them  being,  that  the  piston  and  cylinder  wear  unequally, 
owing  to  the. increased  friction  upon  the  lower  side  of  the 
cylinder,  and  that  of  the  piston  by  the  weight  of  the  latter. 
A  partial  remedy  for  this  effect  was  the  subject  of  a  patent 
to  Messrs.  Taylor  and  Martineau,  in  1824,  (see  Register 
of  Arts,  vol.  iii,  page  261,)  but  we  have  never  seen  it 
applied,  owing,  we  suppose,  to  the  engine  being  thereby 
rendered  less  simple  and  compact.  Long  piston  rods 
are  objectionable,  from  their  liability  to  bend  in  the 
middle. 

Inclined  Cylinders. — Mr.  Brunei's  engine,  employed  at 
the  Thames  Tunnel,  (described  at  page  249,)  is  an  instance 
of  cylinders  placed  obliquely.  This  engine  was  especially 
designed  for  steam  boats.  It  is  obvious  that  this  position 
of  the  cylinder  has  both  the  advantages  and  disadvantages 
of  the  horizontal,  but  each  in  a  less  degree. 

19.  3  I 
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Erect  Cylinders. — By  this  term  is  meant  those  which 
are  placed  upright,  with  the  piston  rod  passing  through 
the  top  of  the  cylinder.  These  are  in  the  most  general 
use,  and,  unless  in  peculiar  cases,  seem  to  deserve  the  pre- 
ference, the  wear  of  the  cylinder  being  more  equal,  and 
not  so  great  as  in  any  other  position. 

Inverted  Cylindere. — These  are  also  upright  cylinders, 
but  with  the  piston  rod  passing  out  at  the  lower  end  of 
the  cylinder.  Two  instances  of  this  position  of  the  cylin* 
der  have  fallen  under  our  notice,  that  struck  us  as  ex- 
tremely faulty.  The  first  was  Mr.  Perkins's  engine,  which 
was  at  work  a  short  time  in  pumping  at  the  St.  Kathe- 
rine's  Docks.  This  was  a  single-acting  engine,  working, 
it  was  said,  with  steam  at  800  lbs.  pressure  upon  the 
inch ;  the  cylinder  was  placed  above  the  fly-wheel,  which 
was  of  small  diameter ;  the  piston  rod  was  of  large  dia- 
meter, in  proportion  to  that  of  the  piston,  and  the  con- 
necting rod  very  short.  The  steam  was  admitted  above 
the  piston,  and  the  return  stroke  was  made  by  the  momen- 
tum of  the  fly-wheel  against  the  weight  of  the  piston,  con- 
necting rods,  &c.  in  addition  to  the  load,  causing  a  very 
violent  and  unequal  motion.  The  other  instance  was  Dr. 
Alban^s  engine,  set  up  at  the  same  place,  in  which  the  ar- 
rangement was  equally  faulty ;  the  connexion  of  the  fly- 
wheel was  badly  contrived,  and  appeared  io  have  been 
adopted,  because  a  connecting  rod  of  suflicient  length 
would  have  required  the  engine  to  be  elevated  to  an  in- 
convenient height. 

Vibrating  Cylinders* — In  these  the  engines  are  suspended 
upon  hollow  arms  or  trunnions,  through  which  the  steam 
enters  and  quits  the  cylinder,  and  the  piston  rod  is  con- 
nected directly  with  the  crank,  or  with  a  stud  on  one  of 
the  arms  of  the  fly-wheel.  Several  patents  have  been  ob- 
tained for  engines  on  this  principle,  and  a  few  engines  of 
the  kind  have  been  constructed  in  America,  but  we  can- 
not see  in  what  their  superiority  consists,  unless  it  be  their 
greater  compactness  than  other  reciprocating  engines. 

Revolving  Cylinders, — In  revolving  engines,  the  cylin- 
der is  suspended  by  hollow  arms,  and  is  carried  round  with 
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the  fly-wheel.  Several  patents  have  been  obtained  in  this 
country  for  engines  of  this  kind,  and  some  have  been  con- 
structed also  in  America;  but  we  cannot  discover  wherein 
their  advantages  lie.  For  an  estimate  of  their  merits,  see 
remarks  on  Witty's  engines,  pages  211  and  212. 

Proportions  of  the  Cylinder. — In  the  due  proportions 
between  the  diameter  and  length,  no  two  makers  agree; 
indeed,  from  the  different  proportions  met  with  in  different 
engines  by  the  same  maker,  it  would  seem  to  be  a  point 
of  no  material  importance.     A  patent  was  taken  out  by  a 
Mr.  Freemantle,  for  making  engines  having  the  length  of 
stroke  equal  to  the  diameter,  on  the  ground  of  such  pro- 
portions causing  the  least  quantity  of  friction.     In  the 
engine  for  the  Moran  mine,  it  has  been  seen  that  the  dia- 
meter was  only  one-sixth  of  the  length  of  the  stroke.  Mr. 
Tredgold  is  of  opinion,  that  if  the  parts  be  duly  propor- 
tioned, and  the  velocity  regulated  so  as  to  be  equal,  the 
only  circumstance  necessary  to  be  attended  to  in  the  pro- 
portions of  a  cylinder  is,  that  the  steam,  during  its  action 
in  the  cylinder,  should  be  bounded  by  the  least  possible 
quantity  of  cooling  surface;  and  as  this  condition  is  ob« 
tained  when  the  length  of  the  stroke  is  equal  to  twice  the 
diameter  of  the  cylinder,  he  recommends  this  as  the  best 
proportion,  in  all  cases  where  the  space  for  the  engine 
does  not  limit  the  length  of  the  stroke. 

Jacket. — To  prevent  the  condensation  of  steam  in  the 
cylinder,  it  is  necessary  to  keep  it  as  hot  as  possible;  to 
effect  this,  Messrs.  Bolton  and  Watt  surrounded  the 
working  cylinder  with  a  cylindrical  case,  to  which  the 
term  jacket  was  applied;  between  these  two  there  is  a 
narrow  space,  through  which  the  steam  passes  in  its  way 
to  the  cylinder;  this  arrangement  has  been  very  generally 
followed  by  manufacturers,  but  we  do  not  perceive  that 
any  advantage  can  be  gained  by  the  practice ;  for  it  should 
be  considered  that  the  jacket  presents  a  larger  surface  to 
the  cooling  influence  of  the  atmosphere,  than  the  cylinder 
itself,  and,  consequently,  that  it  must  condense  the  steam 
more  rapidly.  If  the  jacket  be  supplied  by  a  separate 
-i(*am  pipe,  still  the  loss  from  condensation  in  the  jacket 
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niutjl  fully  compensate  tor  the  greater  pressure  of  Ihe steam 
ii)  the  cylinder.  The  jacket  also  adds  considerably  to  the 
weight  of  the  engine.  For  these  reasons,  we  think  that 
the  jacket  might  very  well  be  dispensed  with.  Mr.  Tred- 
gold  has,  we  find,  anticipated  us  in  recommending  an  air- 
tight casing,  which  would  lessen  the  condensation  in  the 
cylinder,  make  a  saving  in  the  expense  of  fuel,  and  keep 
the  engine-house  cooler. 

The  following  are  the  contrivances  in  general  use  fur 
opening  and  closing  the  various  steam  passages ;  the  first 
of  these  which  we  shall  notice  is  the 

Throttle  Valve,  which  is  a  thin  disc  placed  on  the  steam 
pipe,  between  the  boiler  and  the  cylinder ;  it  turns  upon  a 
spindle,  which  is  regulated  either  by  hand  or  by  the  go- 
vernor, and  may  be  set  so  as  to  intercept  a  greater  or  less 
portion  of  the  steam  in  its  passage,  and  regulate  the  sup- 
ply according  to  the  work. 


This  valve  is  never  wholly  closed  during  the  working 
of  the  engine.  The  above  cut  represents  this  valve,  and 
requires  no  further  explanation. 

FouV'Way  Cock. — Of  the  various  inventions  of  admit- 
ting the  steam  to  pass  to  and  from  the  cylinder,  the  four- 
way  cock  is  one  of  the  earliest  and  most  simple.  It  was 
adopted  by  Leupold,  who  first  purposed  (o  use  high-pres* 
sure  steam  under  pistons;  and  Trevi thick,  who  brought 
high-pressure  engines  into  use  in  this  country,  used  a  four- 
way  cock  to  open  and  shut  the  steam  passages  in  his  loco- 
motive engine.  The  annexed  cut  will  afford  a  clear 
comprehension  of  its  construction,  a  represents  the  com- 
munication with  the  steam-pipe  from  the  boiler;  6  the 
passage  to  the  upper  side  of  the  piston;  c  (he  passage  to 
the  lower  side  of  the  piston;  and  (/  the  passage  to  (be 


condenser.  In  the  position  represented,  the  steam  is  en 
tering  the  upper  part  of  the  cylinder,  and  the  lower  paH 
is  open  to  the  condenser.  If  the  cock  be  turned  one  quar 
terof  a  revolution  in  either  direction,  c  will  comoiunicatf 
with  the  steam  pipe,  and  b  to  the  condenser. 

The  four-way  cock  has  been  greatly  improved  by 
Bitimab  and  by  Maudslay,  but,  under  any  modification, 
it  has  the  defect  of  causing  a  loss  of  steam;  for  not 
only  the  steam  in  the  cylinder,  but  (hat  in  the  steam  pas 
sage,  passes  to  the  condenser;  so  that  at  each  double 
stroke,  there  is  a  loss  of  the  whole  contents  of  the  steam 
passage,  which,  as  it  is  usually  equal  in  area  to  one-fiAh 
the  area  of  the  cylinder,  and  is  of  the  length  of  the  cylinder, 
the  loss  will  be  one-tenth  of  the  whole  quantity  of  steam 
required  for  the  cylinder.  This  loss  might  however  be 
obviated,  by  having  a  separate  cock  to  each  end  of  the 
cylinder,  which  would  render  them  very  well  adapted  for 
small  engines. 

D  Sliding  Valve.— Aa  the  friction  of  cocks  of  large  dia- 
meter is  very  considerable,  sliding  valves  are  more  gene- 
rally used;  the  simplest  is  that  termed  the  D  slide,  from 
the  resemblance  of  its  figure  to  that  letter. 

The  following  cut  shows  the  slide  in  section;  a  is  the 
steam  box,  into  which  the  steam  is  admitted  by  the  pas- 
sage b.  The  box  is  bolted  to  a  pipe  c,  formed  into  threo 
divisions — d  being  the  steam  passage  to  the  upper  side  of 
the  piston,  e  to  the  lower  side,  andy  to  the  condenser ;  the 
apertures  of  these  passages  are  faced  with  braw,  and  the 
space  between  each  opening  it  is  essential  should  not  be 
less  than  the  opening;  g  isa  L>lock  of  metal,  with  a  recess 
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cast  in  it,  equal  in  length  to  two  of  the  apertures  and  the 
space  between  them ;  this  block  ia  usually  faced  with  brass, 
and  ground  upon  the  pipe  c,  so  as  to  slide  over  it  steam- 
tight;  it  ia  moved  by  a  rod  A,  which  passes  through  a 
stuffing-box  k.  In  this  position  of  the  slide,  the  stean 
would  pass  through  d  to  the  top  of  the  piston;  whilst  the 
steam  beneath  the  piston  would  pass  through  e  to  the 
eduction  passage/.  On  raising  the  slide,  d  becomes  open 
to  the  eduction  passage,  and  e  to  the  steam.  This  slide 
has  the  same  disadvantage  as  the  four-way  cock,  in  wast- 
ing the  whole  of  the  steam  contained  in  the  steam  pas- 
sages; the  apparatus  in  general  use  is  that  termed 

Murdoch's  Slides,  invented  by  William  Murdock,  of  the 
firm  of  Botton,  Watt,  and  Co.;  they  are  represented  by 
the  annexed  figure. 

a  represents  a  portion  of  the  steam  cylinder,  with  its 
steam  jacket  b,  a  semi-cylindrical  pipe  of  greater  length 
than  the' cylinder,  and  having  on  its  flat  side  at  one  end 
two  apertures  c  d,  c  communicating  with  the  upper  end 
of  the  cylinder,  and  d  with  the  steam  jacket;  at  the  lower 
part  is  another  opening  e,  which  communicates  with  the 
lower  end  of  the  cylinder;  these  openings  are  faced  with 
brass  ground  to  a  perfect  plane.  The  space  between  c  d 
must  not  be  less  than  the  breadth  of  one  of  the  openings. 
An  interior  pipe  of  similar  form,  open  at  each  end,  and 
faced  at  each  extremity  with  a  bras»  plate  of  the  breadth 
of  one  of  the  openings,  i^  pressed  against  the  apertures  in 


the  exterior  pipe  or  cas^  by  a  packing  j^,  (regulated  by 
screws  h  h,}  at  each  end ;  the  apace  between  the  two  pack- 
ings forming  a  compartment  in  which  the  steam  circulates. 
Thia  slide  is  moved  by  a  rod  passing  through  a  atufiiog- 
box,  and,  as  it  is  raised  and  lowered,  the  steam  is  admitted  - 
alternately  to  one  end  of  the  cylinder,  whilst  the  steam 
from  the  other  end  is  passing  through  the  hollow  slide,  by 
the  eduction  pipe  k,  to  the  condenser:  I  is  the  throttle 
valve.    These  slides  being  very  simple,  and  not  liable  to 
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get  out  of  order,  are  extensively  used,  and  almost  ezcln* 
sively  on  board  steam  vessels. 

ConiaU  V<Uvea  are,  however,  the  most  effective  for  large 
engines.  These  are  formed  of  circular  plates  of  bras, 
with  their  edges  ground  conically,80  aa  to  fit  into  conical 
brass  seats.  These  valves  are  generally  lifted  by  rods, 
working  through  stuffing-boxes,  (see  Murray  and  Wood's 
valves,  page  134.) 

When  the  diameter  of  these  valves  exceeds  tix  inches, 
it  requires  a  great  force  (o  overcome  the  pressure  of  the 
steam  upon  their  upper  surfaces,  when  there  is  a  vacunra 
beneath  them.  For  this  inconvenience  Mr.  Watt  devised 
ihe  following  remedy.  To  the  lower  side  of  the  valve- 
box  is  attached  a  short  cylinder  c,  open  at  Ihe  upper  end 
into  a,  and  connected  at  the  lower  end  with  the  steam 


pipe  h.  This  cylinder  is  of  the  same  diameter  as  the  valve 
e,  and  has  a  piston  d  connected  with  Ihe  valve  r,  by  a 
rf'A/;  g  represents  the  opening  into  the  cylinder,  and  k 
the  passage  to  the  eduction  valve.  If  we  now  suppose 
there  is  a  vacuum  beneath  the  valve  c,  the  piston  d  is 
pressed  upwards,  with  the  same  force  as  c  is  pressed  dowo- 
wards,  therefore  the  pressure  upon  c  is  thus  completely 
neutralised. 

Hortiblotoer't  Valves  are  also  designed  to  effect  the  same 
object  as  the  last  described;  namely,  that  of  diminishing 
the  pressure  upon  valves  of  large  area.  The  following 
represents  a  section  of  the  contrivance. 

a,  is  a  short  cylinder,  communicating  at  b,  with  the 
steam  pipe,  and  at  c  with  the  cylinder;  d  is  a  short  tube, 
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baviBg  a  fillet  round  its  upper  edge,  which  is  ground  into 
a  conical  aent,  and  its  lower  edge  groand  upon  a  plale^ 
with  a  conical  edge,  which  ii  attached  to  the  bottom  of  a» 
rfb  moved  by  the  rod  9,  paeeing  through  «  etufSng-box 
and  a  guideJl.  On  raiaing  <(,  the  steam  ruahes  through  it 
into  the  cylinder.  The  area  of  the  valre  upon  which  the 
steam  presaw,  ja  merely  that  of  the  conical  seals. 

Oe  aoaount  of  the  difficulty  of  grinding  a  valve  .equally 
into  twe-Beats,  Mr,  Tredgold  proposes  to  remove  the  upper 
seat  of  this  valve,  and  sgbatitute  a  packing  for  it,  ia  whieb 
the  tube  rf  shall  move. 

i>vii«MtMW  ^fAeffAWijNUaas'ec—'Iliere  are  some  varia- 
tions made  by  engineers  in  this  respect;  it  is  usifal  with 
tome  to  allow  one  inch  square  per  horse  power,  for  the 
area  of  the  rieam  pipes;  while  others  regulate  the  area 
ofitbe  steam  passages  at  one<fifth  of  that  of  the  cylinder. 

£cc€ntric  Motian. — The  opening  ^nd  closing  of  the 
valves  are  uBuaUy  effected  by  the  revolution  of  the  6y-wheel. 
On  lit*  BKis  IspUis^  a  circular  plate,  called'the  ecceiilnc, 
from  its  centK  notTCoinciding  with  that  of  the  axis.  The 
^centric  revolves  within  a  hoop,  to  which  a  long  rod  is 
attached;  and  this  rod  is  connected  with  the  levers  by 
which  thealides  are  lifted.  .  Qut  where  nozzles  are  used, 
the  coonectiag.rod  gives  motion  to  a  spindle,  having  cams 
upon  it,  in  which  cams  the  lower  ends  of  the  rods,  to  which 
tbevalverods^re  connected,  rest,  and  alternately  rise  and 
fell  with  the  motion  of  the  spindle. 

By  means  of  the  eccentric,  the  opening  and  closing  of 

the  valves  are  performed  by  a  gentle  action,  without  any 

shock  or  striking,  which  is  owing  tn  the  uniform,  conti- 

MionB  motion  of  the  eccentric;  but  unless  the  range  of 
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the  valves  is  greater  than  the  height  of  the  steam  passage 
(which  occasions  unnecessary  friction),  they  are  fully  open 
during  only  a  small  portion  of  the  stroke ;  it  has,  therefore, 
been  proposed  by  Mr.  Tredgold,  to  form  the  eccentric 
into  a  ram  or  topth.  We  have  seen  some  instances  in 
which  this  has  been  done ;  one  of  these  is  an  engine  by 
Fentoro  and  Murray,  at  the  London  Dock  New  Basin. 

Modes  of  Working  — When  the  steam  is  open  to  the 
end  of  the  stroke,  and  closed  with  the  eduction  valve,  it  is 
called  working  at  full  pressure*  It  may,  however,  be  cut 
off  at  any  portion  of  the  stroke,  the  remainder  of  the 
stroke  being  effected  by  the  expansion  of  the  steam  in  the 
cylinder,  which  is  called  working  by  expansion^  and  is  the 
most  economical  mode. 

When  engines  are  worked  at  full  pressiire,  any  of  the 
valves  which  we  have  described  may  be  used ;  bot  when 
the  steam  is  worked  expansively,  the  valve  motions  be- 
come somewhat  more  coroplibated,  as  the  steam  valve  is 
closed  at  a  certain  part  of  the  stroke,  whilst  the  eduction 
valve  closes  only  with  the  termination  of  the  stroke,  and 
thus  two  separate  motions  are  required.  The  conical  valves 
are  generally  used'iti  this  case;  each  valve  being  lifted  up 
by  a  separate  rod,  moving  on  separate  cams ;  but  Mr.  Tred* 
gold,  in  his  work,  shows  a  method  of  adapting  the  slides 
and  four- way  cocks  to  expansion  engines,  by  enlarging 
their  range,  and  moving  them  at  two  motions. 

Pistons. — There  is  no  part  of  the  steam  engine  in  which 
good  principles  of  cbhstrilction,  combined  with  the  per<- 
fection  of  workmanship,  are  so  essential  to  the  efficiency  of 
its  operations,  ats  the  piston.  It  is  not  sufficient  that  its 
periphery  should  accurately  fit,  so  as  just  to  touch  every 
part  of  the  internal  circumference  of  the  cylinder,  but  it 
must  possess  the  property  of  expansion ;  otherwise,  the 
attrition  upon  its  surface  quickly  reduces  its  dimensions, 
leaving  a  space  between  it  and  the  cylinder,  thiough 
which  a  portion  of  the  steatid  escapes ;  whereby  the  im- 
petus given  to  the  piston  is  not  only  reduced  in  propoT' 
tion  to  the  quantity  of  steam  thus  wasted,  but  the  eflecl 
of  that  portion  which  does  not  escape,  is  partially  neutra 
lispd  by  the  steam  acting  on. both  sides  of  the  piston.- 
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The  diflfarence  of  eftWct  between  a  good  and'R  bad  pialon 
has  been  frequently  f&und  to  amount  to  more  than  half 
the  power  of  an  engine  ■  by  which  it  may  become  incapa- 
ble of  executing  the  required  work,  besides  wasting;  half 
the  quantity  of  ftiel  consumed;  in  many  other  respects, 
the  evib  from  the  defects  of  a  bad  piston  are  of  seriooB  im- 
portance. 

As  the  piston  has  tuuaUy  been  made  of  metallic  sub- 
stances, unalterable  by  any  expansive  property  therein, 
it  hag  commonly  been  packed  with  an  external  coat  of 
hemp  saturated  with  tallow,  in  the  manner  represented 
by  the  annexed  section. 


a  is  the  lower  face  of  the  piston,  fixed  to  the  pistoii  rod 
6,  by  its  conical  end,  and  by  cutter  keys;  c  is  the  upper 
face  of  the  piston,  fixed  to  the  lower  by  screws  dd;  ee 
show  the  packing  of  hemp  and  tallow  filling  up  the  large 
groove  or  Interstice  between  the  upper  and  lower  disci; 
this  packing  presses  against  the  sides  of  the  cylinder,  and 
when  it  wears  away  by  friction,  the  screws  d  d  are  turned, 
which  forces  out  the  packing  against  the  sides  of  the 
cylinder;  when  the  packing  is  entirety  worn  away^  fresli 
packing  is  substituted. 

Pistons  nearly  of  this  kind,  packed  with  hemp  or  other 
vegetable  substances,  were  in  general  use  from  the  time 
of  Papin  and  Savary  to  that  of  the  Rev,  Edward  Cart- 
wright,  a  period  of  upwards  of  one  hundred  years.  The 
last-mentioned  scientific  clergyman  (who  was  bixithcr  to 
the  late  Major  Carlwtight,)  introduced  the  first  expand- 
ing metallic  piston ;  •«»  invention  of  the  utmost  import- 
ance, it  being  almost  indispensable  in  high-pressure 
engines,  as  the  hemp  and  tallow  packiiig  is  quickly  de^ 
stroyed  by  the  ^reat  heat  of  the  steam. 
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Cftrtwright's  metallic  pistMi,  &b  it  was  origiaally  coir- 
stritcted,  has  been  Blready  described  at  page  118;  since 
that  time  it  has  received  some  improved  modificatiooB, 
wliich  will  be  easily  understood  by  an  examination  of  the 
annexed  figure,  after  having  perused  the  former  descrip- 
tion just  referred  to.  a  is  the  pistOD  rod,  fr<Hn  which 
radiate  a  series  of  spiral  springs  6,  that  press  apon  the 
sevmeats  e  c.     In  this  piston,  it  will  be  obeen'ed,  Uie 


aegments  are  closed,  until,  by  the  wearing  of  the  cylinder 
sad  piston,  Chey  open  at  the  joints  and  diverge  by  the 
ftemmn  of  the  springs,  and  occupy  the  enlarged  area  of 
the  cylinder.  The  spiral  springs  are  calculated,  both  by 
their  rtmoUire  aud  position,  to  last  longer,  and  operate 
with  better  effect  than  tbe  feather  springs  of  Mr.  Cart- 
wright  ;  nevertheless,  these  improved  pistons  had  several 
defects,  which  mnch  limited  their  employment;  tbe  fol- 
lowing is  perhaps  the  most  prominent.  When  the  exUmeU 
segments  wear,  and  separate  by  the  pressure  of  the  springs, 
the  internal  Hcsments  also  separate  from  the  same  cause, 
bnt  they  do  not  wear;  consequently,  the  circular  parts  of 
the  internal  segments  no  longer  fit  the  External  series, 
but  leave  open  crevices  between  them,  through  which  the 
steam,  first  entering  the  external  cavities  before  men- 
tioned, readily  finds  its  way  into  the  interior  of  the  piston, 
hence  it  proceeds  through  similar  channels,  to  the  oppo- 
site side  of  the  piston.  These  openings  likewise  admit 
sand,  which  lodges  and  accumulates  in  tbe  crevices,  until 
tKey  are  blocked  np,  and  the  springs  cease  to  act. 

Notwithstanding  the  imperfections  of  Mr.  Cartwright^ 
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pisUim,.  they  ware  the,  bent  fben  knom^^nd^vececQitfle* 
<|iieQtlj  appli^T 'tiiidsr  yarioiu  iDodifio«ti«n9^  :t».  qumer 
rouB  engiaea.  The  bappy  H<f%-  of  construptisg  tM-  ex- 
panding  metallic  pi«los^  ia  iH^)p^tant  ih  another  poiitfi  of 
view,  as  it  probably  was,  the  cauaa.  of  caliing  forth-  the 
inventive  talents  of  Mr.  J.  Bu-too.  to  thesubj^,  who  has 
certainly  succeeded  in  producing  a  highly-improved  cooi- 
binatioD  of  parts,  by  which  the  objections  to  the  Cart< 
Wright  piston  are  completely  obviated,  and  the  action 
may  be  deemed  almoet  perfect.  This  piston,  under  its 
earliest  arnutgemeat  of  parts,  has  bean  described  at  page 
269,  but  the  improved  modiGcatioo  now  adopted  by  the 
inventor,  together  with  the  importance  of  the  invention, 
render  a  fresh  description  of  it  a  matier  of  propriety. 


(PIG.  I.) 


(FIG.  2.) 


Fig.  I  represents  a  plan  of  Mr.  Bartoa's  piston,  with 
the  top  plate  removed;  fig.  2  is  a  vertical  section  of  the 
same,  taken  in  a  line  with  bedbon  the  plan. 

aaaa  are  the  four  metal  segments;  bbbb  four  right- 
angled  wedges  interposed  between  the  segments,  their 
points  forming  a  portion  of  the  periphery  of  the  circle ; 
cccc  is  a  thin  steel  spring,  formed  into  a  single  broad 
hoop,  and  pressed  into  the  undulated  form  represeoled, 
by  which  it  is  found  to  act  with  uniform  energy  upon  the 
wedges,  until  they  and  the  segments  become  so  much  worn 
in  the  course  of  time,  that  the  steel  spring  recovers  itself 
into  its  original  circular  figure;  d  is  the  frame-work,  cast 
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in  one  piece,  with  the  lower  plate  of  the  piston ;  e  ia  the 
piston  rod;  the  dark  spaces  shown  on  the  plan  within  the 
circular  frame  d,  are  cavities  to  lessen  the  weight  of 
metal ;  the  other  dark  spaces  are  cavities  to  allow  of  th» 
free  action  of  the  circular  spring. 

To  prevent  the  segments  from  falling  out  of  tbeir  placer 
whilst  the  piston  is  being  taken  out,  or  put  into  the  cylin- 
der, the  periphery  of  it  is  grooved  near  to  its  upper  and 
lower  edge,  in  which  are  sunk  two  slight  spring  hoops, 
cleft  across  into  forked  joints,  which  close  together  sim- 
ply by  their  elasticity.  To  lubricate  the  piston,  there  is 
a  third  groove,  made  midway  between  the  two  former,  for 
the  reception  of  oil ;  these  parts  are  not  introduced  into 
the  figures. 

The  action  is  as  follows:  — as  the  piston  and  cylinder 
wear  away  by  the  friction,  the  circular  spring  c,  presses 
out  the  wedges  6,  and  these  project  the  segments  against 
the  cylinder;  by  degrees  iht>y  are  reduced  to  the  dimen- 
sions of  that  exl^ibited  in  the  annexed  figure,  which  ia  aa 

(FIG.  3.) 


exact  representation  of  one  that  we  saw  taken  out  of  a 

cylinder,  wherein  it  had  been  constantly  working  (witfa« 
out  repairs)  for  several  years. 

Neither  the  cylinder  nor  piston  were  in  the  slightest  de- 
gree grooved  or  scored,  but  had  both  retained  their  cir- 
cular figure,  and  were  highly  polished  on  their  rubbing 
surfaces:  we  say  this,  as  the  contrary  has  been  slated,  to 
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Mr.  Barton's  serious  disadvantagre.  The  Repertory  of 
Arts  contained  a  most  uncalled-for  statement  of  tBis  kind, 
front  Dr.  Gregory,  the  professor  of  matbematics  at  Wool- 
wich, which  statement  Mr.  Barton  triumphantly  an- 
swered, by  having  his  pistons  drawn  out  from  the  cylin- 
der of  an  engine  in  Woolwich  Dock-yard,  and  shown  to 
the  doctor. 

It  is  certainly  easily  demonstrated  that  the  wedges 
move  faster  than  the  segments,  and  that,  consequently, 
the  pressure  upon  the  wedges  is  greater  than  that  on  the 
segments;  in  a  right-angled  wedge  this  difference  is. as 
2  to  1,  but  the  wearing  is  in  no  such  proportion,  nor  is  there 
in  practice  any  perceptible  difference  at  all;  which  arises, 
we  conjecture,  from  the  following  cause.  The  cylinder 
being  of  cast-iron,  and  the  piston  of  a  much  softer  and 
easier  abraded  metal  (an  alloy  of  copper),  the  only  effect 
of  the  superior  pressure  of  the  wedges,  is  to  wear  them 
away  quicker  than  the  segments,  while  the  wearing  of  the 
cylinder,  from  its  superior  hardness,  is  scarcely  perceptible. 
In  consequence  of  this  arrangement,  the  brass  piston  will 
always  conform  itself  to  the  circular  figure  of  the  cylinder, 
until  worn  out. 

In  France  and  in  America,  Barton's  pidton  >  is  known 
only  by  the  name  of  Browne^s  piston,  <»1riog  to  an  Ame* 
rican  barrister  of  that  name  having  imported  and  patented 
it  there  as  his  own  invention :  it  is  not  only  extensively 
used  iti  those  countries,  but  its  benefits  have  been  expe- 
rienced in  almost  every  part  of  the  world  where  the 
steam  engine  is  employed.  Notwithstanding-  these  cii^cum*- 
stanees,  there  are  few  inventions  of  such  great  utility  that 
have  met  with  sd  much  senseless  opposition.  To  avioid 
Barton's  patent-right,  many  absurd  raodific^atibns  «f .  his 
piston  have  been  made,  in  which  it  is  asserted^  in  caotra^^ 
distinction  to  Barton's,  that  all  tendency  io  score'  the 
cylinder  is  obviated.  We  purpose  describing  some  of 
these  modifications,  not  because  they  possess  ^the  least  iiis- 
•trihsicmerit,  but  because  they  have  emanated  (torn  men 
of  influence  or  talent,  whose  errors  ought  not  to  pass 
)  onoorrected ;  but  we  should  premise  tkat.'descnption'by 
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observiii;,  that  Barton's  dmim  to  in\*eDtion  eonsisla  in  the 
application  of  wedges  to  the  projection  of  tAe  eegments  that 
compose  the  periphery  of  the  piBtan,  which  iwedges,  on 
account  of  their  moving  through  a  greater  space  than  the 
segments,  it  is  asserled,  score  >tiiQ  eyJindeffiu  How  these 
pereens  geti«>7er  tbii  aBSuinedidbfidulty,  fthe  reader  will 
observe.  The  first  we  shall  mention  is  the  modification 
of  Messrs.  Hall  andSon^  who  are  esctensive  engineers  at 
Dartford*  The  annexed  diagram  shows  only  a  pari  of 
their  piston,  the  remainder  of  tbe  eirole  being,  of  course,  a 
continuation  of  the* same  arrangemeat^ 


a  a  are  metal  segments,  of  which  there  ane  fouv >to  com* 
plete  the  ciride;  6  a  cylindecyof  which  there  are  also  four, 
placed  betwejsn  the  segmsntEf;  these  cyilindersa^e  operated 
upon  ;fag(}  spical^springs,  which  pffojeet^aiid  press,  asunder 
tbe/aegmentSf.as  they  wear  lawaiy  fay  fnintioii . against  the 
cylinder*  t  Upon  the  segriients  aepaniing^  they Jfeave  gaps 
or  opeiiL  .'cl^s  betWeea  them,  through  whieh  the  steam 
wouldeseape, >widre  it  not  opposed. by. another* and nimilar 
aeries  :i^f  segraent^^  whose  middle,  parts  cover  .the  cLafIs 
betweeo  the . other  aeries,- or  ^^.fciiedmoint.7*  iThe  eonstruc- 
tionof  ithis  piston,  it  is 'alRgued,! does  not.  invade  Bartoa's 
olaias^^r-tfor  this  reason,  that  eylinders  are  not  wedges 
Now  wer«ubmit,  that  the  geometrical  definition  .ofa- wedge 
has  nothing  to  dcr  with  the* subjiect;.a4id  that  whatever  is 
employedifo  wedge,  and  dbesAoedgrcyis  awedgeiiu  practical 
mechanics,  as  well  as  in  comaion-senae^  ilio^iChief  Jtis- 
tiee  Tenlerden,  however,  decided,  the. reverse;  heCwotild 
not  allow  a  jury- to  consider  the  |ioint  at  all,  hfutnonaniAad 
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Barton,  who  had  brought  an  action  agaioat  Hall  for  an 
iDfriogeinent  of  his  patent*right. 

The  disadvantage  of  employing  wedges  with  curved 
instead  of  straight  sides,  is  too  evident,  upon  inspection  of 
the  diagram,  to  need  explanation;  we  shall,  therefore, 
only  consider  the  point  as  respects  the  scoring  of  the 
cylinder.  Admitting  the  argument  to  be  correct,  that 
the  increased  friction  of  certain  parts  of  the  circumference 
beyond  that  of  the  others  will  have  the  effect  stated,  it 
follows  that  Mr.  HalPs  will  make  ridges  in  the  cylinder; 
for  where  the  gaps  beforementioned  occur,  the  piston  is 
only  half  as  thick  as  the  other  parts;  consequently,  the 
decreased  friction  at  the  gaps  will  wear  the  cylinder  less 
by  one  half  than  the  other  parts,  and  form  projecting  ridges. 

We  shall  next  describe  a  piston  manufactured  by 
Messrs.  Maudslay  and  Field,  known  by  the  name  of  the 
expanding  ring  piston,  because  this  will  enable  us  to 
rectify  two  mistakes  made  by  Mr.  Tredgold,  in  his  excel- 
lent treatise  on  the  Steam  Ehigine ;  and  we  cannot  but 
regret  that  so  eminent  a  writer  should  have  exposed  him- 
self to  such  merited  animadversion. 

Alluding  to  Mr.  Barton^s  invention,  Mr.  Tredgold 
says,  (Art.  470,)  ^'  A  piston  of  this  kind,  and  a  true  cylin- 
der, has  been  known  to  work  for  some  years  without  re- 
quiring  any  other  attention  than  keeping  it  properly 
greasedj  yet  it  is  easy  to  prove  that  the  wedges  and  seg- 
ments do  not  expand  equally ;  hence,  in  this  state  it  was 
not  applicable  to  high  pressures.*'  We  would  here  in- 
quire, what  signifies  this  petty  cavilling  about  what  the 
wedges  and  segments  do,  provided  they  work  well  with- 
out attention  for  years  ?  And  the  assertion  that  the  pis- 
tons are  inapplicable  to  high  pressures,  because  of  the 
unequal  expansion  of  the  wedges  and  segments,  is  univer* 
sally  known  to  be  the  very  reverse  of  the  fact.  We  could 
mention  twenty  instances  where  Barton*8  pistons  have 
been  most  successfully  applied  to  high  pressures  for 
several  years  continuance;  but  we  will  state  only  one 
fhct,  which  has  in  itself  the  force  of  a  host  in  disproving 
Mr.  Tredgold's  assertion. 

19.  3l 
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In  1823,  Mr.  Perkins  constructed  his  high-prenun* 
engine,  in  which  he  used  steam  of  from  800  to  JOOOIbs 
itpon  the  inch.  The  piston  in  the  cylinder  was  the  double 
expanding^  ring  kind,  aa  represented  in  the  annexed  per- 
tipective  sketch.* 


It  consists  of  two  concentric  rings  of  brass,  external 
diameter  fire  inches,  a  is  the  inner  ring,  to  which  is 
screwed,  from  the  inside,  a  bevelled  piece  of  brass  6,  that 
slides  and  fits  flush  with  the  outer  ring  c.  The  propor- 
tions of  the  parts  being  accurately  dr&wn,  it  will  be  ob- 
vious, from  the  great  thickness  of  the  rings,  that  they  pos- 
sess but  little  elasticity,  which  we  have  found  to  be  the 
case  on  trial.  The  identical  pbton  described,  and  now 
lying  before  us,  came  out  of  the  cylinder  of  an  engine 
manufactured  by  Maudslay  and  Co.,  in  which  it  was  after- 
wards found  necessary  to  substitute  Barton's,  though  the 
former  was  not  apparently  worn;  but  another  piston,  of 
precisely  the  same  construction,  was  made  by  Mr.  Field, 
for  Mr.  Perkins's  engine  before-mentioned.  It  was  found, 

•  "We  have  been  infbrnied,  that  a  pirton  exactly  of  this  kind  wm 
inveiilod  by  a  Mr.  Donkin,  at  PenzBnne,  in  Cornwall,  in  1818;  and 
that  the  invention  was  repeatedly  tried  in  Wheal  Vor  Mine,  Tor  seve- 
ral years,  nithont  succesi.  In  1»1S,  Mr.  Field  introduced  the  same 
invention,  and  has  sinca  applied  it  to  several  engines  constructed  by 
fait  lirm  (Maudslay  and  Co,)  One  of  these  pistons  we  have  in  oar 
pofiessinn,  from  which  we  made  the  above  sketch 
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tipoD  trial,  incapable  of  standing  a  day's  work,  and  it 
scored  the  cylinder  so  much,  as  to  render  it  necessary  to 
have  it  fresh  ground.  Barton  was  then  applied  to,  who 
made  a  piston  for  the  engine  that  acted  perfectly,  (without 
leakage,)  under  the  enormous  pressure  mentioned,  for  a 
considerable  period,  as  was  certified  by  Mr.  Perkins  at 
the  time.  Here,  therefore,  is  a  successful  application  of 
Barton's  piston,  under  a  pressure  of  about  1000  lbs.  per 
inch;  notwithstanding  which,  Mr.  Tredgold  has  stated  its 
inapplicability  to  high  pressures,  which  are  usually  only 
about  40  lbs.  to  the  inch. 

In  the  next  page  to  that  last  quoted  (329),  Mr.  Tred- 
gold says,  ^^  but  by  combining  hardness  and  elasticity, 
Barton  has  done  much  to  render  these  pistons  tight  and 
durable;  they  still,  however,  chiefly  depend  upon  the 
skill  of  the  workman;  when  they  are  4one  well,  by  a  per- 
son who  understands  them,  they  undoubtedly  answer  effec- 
tively'** This  observation  is  about  as  acute  as  to  say,  that 
^^  knives  are  not  fit  for  cutting;  but,  when  they  are  well 
sharpened  by  an  experienced  cutler,  they  will  cut  effec- 
tively."  The  inconsistency  of  Mr.  Tredgold  on  this  sud- 
ject  is  quite  remarkable.  He  admits  that  these  pistons 
are  "  tight  and  durable,"  that  they  '^  answer  eflFectively 
for  years,"  even  without  looking  at;  yet,  in  the  teeth  of 
these  admissions,  which  are  apparently  wrung  from  him 
by  facts  under  his  own  eyes,  he  adds,  in  the  very  next 
line,  '^  To  avoid  the  effect  which  the  unequal  expansion  of 
the  parts  of  Barton's  piston  produces,  I  would  recom- 
mend the  construction  shown  by  fig.  7,  where  the  wedge- 
formed  pieces  do  not  extend  to  the  surface  of  the  cylinder; 
and  to  prevent  there  being  an  aperture  at  each  joint,  two 
series  of  segments  and  wedges  should  be  used."  We  do 
not  give  this  figure,  because  it  is  in  every  respect  the  same 
as  Hall's,  except  that  he  employs  Barton's  wedges,  in  lieu 
of  the  ridiculous  cylindrical  substitute  of  Hall. 

We  have  now  to  inquire  wherein  the  advantage  of  Mr. 
Tredgold's  modification  consists.  It  certainly  does  not 
lie  in  the  simplicity.  Barton  has  four  segments,  four 
wedge?,  one  spring=:nine  parts;  Tredgold  has  eight  seg- 
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men  is,  eight  wedges,  eight  springs,  ei^ht  boltsosSS  parti ;  or 
nearly  quadruple  the  number  of  parts  to  fit  and  slide  over 
one  another,  incurring  so  much  mor^  labour  and  so  much 
more  expense  to  effect  it,  and,  after  all,  so  many  more  Ita* 
bilities  to  derangement.  Then,  as  respects  the  unjust 
insinuation  of  Barton's  pistons  scoring  the  cylinders^  how 
does  Mr.  Tredgold  proceed  to  ^^  avoid  the  effect'^  he  men^ 
tions,  of  the  unequal  expansion  ?  Evidently,  by  produciilg 
double  the  friction  upon  those  parts  of  the  piston  where 
the  thickness  is  doubled ;  and,  consequently,  of  wearing 
the  cylinder  into  eight  ridgesj  where  the  eight  segmenta 
divide.  Instead  of  pointing  out  the  blunders  of  Barton's 
opponents,  the  most  scientific  writer  on  the  steam  engine 
recommends  them  to  the  mechanical  world  as  his  own  in- 
vention and  improvement! 

If  Barton's  pistons  did  in  reality  produce  the  effects 
stated,  there  are  some  very  easy  ways  of  obviating  them^ 
without  destroying  the  beautiful  simplicity  of  the  inven- 
tor's  combination.  One  of  them  is  to  make  the  wedges 
as  obtirse  as  possible,  by  which  their  motion  would  be 
brought  nearer  to  an  equality  with  the  projection  of  the 
segments;  this  would  be  only  a  partial  remedy,  but  we 
have  another  to  mention  that  is  more  complete.  It  is  to 
make  the  wedges  (if  rectangular)  of  such  a  metal  or  alloy 
as  would  be  abraded  by  the  cylinder  twice  as  fast  as  the 
metal  of  which  the  segments  are  made.  These  remedies 
for  the  pretended  evil  may  be  employed  either  singly  or 
combined ;  but,  we  dare  say,  that  they  have  long  since  oc- 
curred to  Mr.  Barton,  but  that  he  has  found  it  unnecessary 
to  resort  to  them  in  practice. 

In  1821,  Mr.  E.  B.Symes,  of  Lincoln's  Inn,  took  out  a  pa- 
tent for  an  expanding  hydrostatic  piston,  the  specification 
of  which  includes  the  description  of  several  modificatiooa. 
Those  only  which  can  be  considered  as  at  all  applicable 
to  steam  engines,  may  be  described  without  the  aid  of  ex- 
planatory diagrams.  In  one  of  them,  the  piston  consists 
of  two  plates  of  metal  bolted  together,  so  as  to  leave  a 
cavity  between  them ;  the  plates  spread  out  wider  apart 
at  their  peripheries,  round  which  is  securely  fastened,  lo 
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the  top  and  bottom  plates,  a  strong  hempen  ban4,  painted 
on  the  inside,  and  of  a  texture  and  flexibility  similar  to 
the  hose  of  fire  engines.  The  upper  plate  has  an  aper- 
ture with  a  screwed  cap,  through  which  the  lubricating 
fluid  18  introduced,  so  as  to  fill  up  the  space  when  the  cap 
is  screwed  down  to  confine  it.  The  two  plates  being  now 
drawn  together  by  screws,  the  packing  will  be  bulged  out 
at  the  sides,  and  press  against  the  surface  of  the  cylinder, 
which  will  be  lubricated  by  the  grease  oozing  through. 
The  pressure  of  the  steam  will  likewise  cause  the  plates 
to  collapse,  and  produce  a  similar  effect. 

Another  modification  consists  in  a  cast-iron  piston,  with 
a  hollow  piston  rod,  through  which  the  fluid  is  intro* 
duced  from  a  reservoir  at  the  upper  end,  and  coromunj-* 
cates  with  a  large  groove  made  round  the  periphery  of 
the  piston,  which  is  inclosed  by  a  covering  of  canvas  as  be- 
forementioned,  through  which  the  grease  finds  its  way  to 
lubricate  the  cylinder.  We  have  never  met  wfth  the 
application  of  these  pistons  to  an  engine,  and  we  much 
doubt  their  capability  to  sustain  even  the  work  of  a  low- 
pressure  engine,  without  some  additional  packing* 

In  1883,  Mr.  Jacob  Perkins  included  in  the  specifica- 
tion of  a  patent,  a  description  of  an  expanding  metallic 
piston,  which  he  applied  to  an  engine  of  his  own ;  it  did 
not,  we  understand,  answer  his  expectations ;  but  as  the 
combinations  of  such  a  mechanician  as  Mr.  Perkins  will 
probably  interest  the  reader,  we  shall  introduce  a  descrip- 
tion of  it  from  the  Register  of  Arts,  (vol.  iii.  page  170, 
First  Series.) 

The  specification  of  the  patent  states  this  to  be  a  new 
arrangement  of  rings  for  metallic  stufiing,  and  to  consist 
in  keeping  the  expanding  opening  of  a  flexible  ring  steam- 
tight,  by  means  of  eccentric  and  non-expanding  rings. 

The  annexed  figures  show  the  arrangement  of  all  the 
parts  of  the  contrivance. 

In  the  elevation  (marked  Ele),  a  is  a  flexible  expanding 
ringj  and  6  c  two  inflexible  non-expanding  rings.  The 
adjoining  figure  (marked  Sec.)  gives  a  vertical  section  oi 
the  whole  of  the  piston.    The  figure  a  is  a  plan  of  the 
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flexible  expanding  ring,  shown  in  the  elevation  and  sec- 
tion; and  the  figure  6  c  gives  also  a  plai;  of  the  two  in- 
flexible rings  marked  ft  c  in  the  elevation  and  section. 

In  the  plan  a  of  the  flexible  ring  an  opening  is  shown, 
and  to  prevent  the  escape  of  steam  at  tbis  opening,  the 
two  inflexible  rings  h  c  are  placed  one  on  each  side.  In 
the  latter,  it  will  be  observed,  there  is  a  notch,  in  which 
a  guide  pin  is  fixed,  and  that  there  are  two  heliacal  springs 
which  press  the  side  of  the  ring  to  which  they  are  attached 
eccentrically  from  the  piston.  When  these  two  rings  are 
fitted  on  to  the  piston,  the  opening  in  the  broad  flexible 
ring  a,  should  be  placed  on  the  opposite  side  to  that  in 
which  the  notches  in  the  inflexible  rings  are  placed.  By 
(his  arrangement,  when  the  piston  is  put  into  the  cylinder, 
these  two  eccentric  rings  b  and  c,  will  press  against  that 
part  of  the  cylinder  immediately  above  and  below  the 
opening  in  the  elastic  ring  a,  and  will  thereby  supply  the 
deficiency  occasioned  in  the  piston  by  such  opening  in  thfi 
elaslic  ring. 

In  1823,  Mr.  Jeesop,  of  Butterby  Hall,  near  Derby, 
patented  an  expanding  metallic  piston,  which  has  some 
fair  claims  to  notice,  as  it  may  probably,  under  some  slight 
modifications,  be  rendered  a  very  efiicient  instrument;  a 
description  of  this  piston  has  been  given  in  a  former 
part  of  this  work,  page  270. 

Expanding  metallic  pistons  have  likewise  been  applied  to 
rotary  engines,  in  which  cases  they  are  usually  rectangular. 
Honic  account  of  these  will  be  found  under  their  respec- 
live  engines;  the  very  limited  use  of  these  does  not,  how- 
ever, render  it  desirable  to  extend  our  observations  upon 
the  subject. 

Parallel  Motion.-^We  shall  now  proceed  to  descnbe 
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various  methods  by  which  the  piston  rod  is  made  to  move 
in  a  right  line,  whilst  the  end  of  the  beam  with  which  it  is 
connected  describes  an  arc  of  a  circle.  The  first  plan 
of  Bolton  and  Watt'  was  to  place  a  toothed  sector  on  the 
end  of  the  beam,  the  length  of  the  radius  being  equal  to 
the  distance  between  the  axis  of  the  beam,  and  a  vertical 
line  through  the  centre  of  the  piston  rod ;  on  the  upper 
part  of  the  piston  rod  was  placed  a  rack,  which  acted  upon 
the  sector,  and  forming  a  tangent  to  it,  preserved  a  recti- 
linear motion  of  the  piston  rod  throughout  the  stroke. 

A  much  superior  method  was  afterwards  devised  of 
effecting  the  same  thing,  by  an  arrangement  of  rods  mov- 
ingjn  circulararcs;  the  principle  is  simply  this: — If  a  bar 
be  so  confined  by  other  bars,  that  the  motion  of  the  end  a 
in  a  right  line,  causes  the  other  end  6,  to  describe  a  certain 
curve,  then,  on  the  other  hand,  the  motion  of  6  in  the 
curve  will  cause  a  to  describe  a  right  line. 


To  apply  this  to  the  case  before  us,  et  a  6  c  represent 
the  beam  of  an  engine  at  the  highest  point  of  the'slroke, 
a  d  its  position  at  the  middle  of  the  stroke,  and  a  f  ils* 
lowest  position,  c  g  and  b  h  are  two  side  rods  suspending 
the  bar  g  A,  parallel  to  a  6  c;  g  k  I  a  right  line,  in  which 
the  bar  at  g  moves  in  a  groove;  then,  when  the  end  of  the 
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besm  c  i«  at  d,  the  end  g  of  the  bar  g  h  will  be  at  t>  wid 
as  17  A  is  parallel  to  a  d,  the  other  end  A  of  the  bar  g  k 
will  be  at  m,  and  when  c  arrives  at/,  g  will  be  at  /,  and  k 
at  fi;  the  point  &,  therefore,  will  have  described  a  carve, 
passing  tbrough  the  points  A  tn  n,  whilst  the  piston  moving 
in  a  right  line,  passed  through  the  points  g  k  1%  if,  there- 
fore, the  groove  in  which  the  head  of  the  piston  rod 
oiQved  be  taken  away,  and  the  end  A  of  the  bar  <;  A  be 
jointed  to  a  radius  bar  describing  a  circular  arc  passing 
'.hrough  the  points  A  m  n,  then  the  end  g  of  g  k,  to  which 
the  piston  rod  is  attached,  will  move  through  the  points 
g  k  I,  and  the  whole  path  of  the  piston  rod  will  differ  very 
little  from  a  right  line.  The  small  deviation  from  a  right 
line  arises  from  the  circurostance  that  the  curve  described 
by  the  end  A,  is  not  exactly  a  circular  arc,  when  g  moves 
in  a  strictly  right  line. 

To  find  the  length  and  centre  of  motion  of  the  radius 
bar,  with  any  distance  in  the  compasses,  and  on  the  points 
h  m  n,  describe  arcs  intersecting  each  other;  and  through 
the  points  of  intersection  draw  lines  cutting  in  0;  then 
o  n  will  be  the  length  of  the  radius  bar,  and  o  its  centre 
of  motion. 

The  SUam^^toat  Engine  ParaUsl  Motion  in  general  nse 
is  represented  by  the  annexed  cut.  The  length  of  the 
radius  bar,  and  the  centre  of  motion,  may  easily  be  found, 
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•8  in  tlie  former  case,  by  supposing  the  piston  rod  to  more 
in  a  right  line,  and  finding  three  points,  through  which  a 
point  in  the  side  rod  (assamed  at  pleasure,)  would  pass  in 
the  highest,  lowest,  and  middle  position  of  the  piston  rod ; 
then  a  circle,  which  passes  through  these  points^  will  give 
the  radius  and  centre  sought,  and  the  point  assumed  in 
the  side  bar  will  be  the  point  for  its  connexion  with  the 
radius  ban 

abc  part  of  the  beam,  e  g  and  (  h  side  rods,  g  the  point 
of  junction  of  the  piston  to  the  side  rod  c  9,  and  m  o  the 
radius  ban 

In  portable  engines  without  a  beam,  the  cross  on  the 
head  of  the  piston  rod  has  usually  on  its  ends  friction 
wheels  running  between  guides,  but  we  prefer  the  parallel 
motion  introduced  in  Lloyd's  portable  engine,  described 
hereafter,  as  it  ^affords  a  convenient  method  of  working 
the  air-pump  and  cold-water  pump.  The  principle  of  the 
parallel  motion  in  this  engine  will  be  understood  by  refe- 
rence to  the  following  diagram* 


abc  represent  a  bar  corresponding  to  half  the  beam  of 
an  engine ;  c  k  /  the  path  of  the  piston  rod,  aad'  6  i  the 
radius  rod:  now  the  radiua  rod^  and  thei  two  povtiaus  of 
the  beam  a  h  and  6  c,  being  respectirel;^  equaly  if  a  move 
in  a  right  line  towards  9,  c  will  movd  in  the  line  c  il^,  and 
if  a  be  connected  to  a  rocking  bar  a  e,  which  from  its 
length,  or  its  small  angular  motion,  describes*  an  nxe^gi^ 
difliripg  but  little  from  a  right  line ;  and  a  siAe^bar  or 

20.  ^» 
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ttrap  b  h,  and  the  parallel  bar  h  e  being  added,  the  centra 
of  h  A,  will  be  the  point  of  suspension  for  the  rod  of  the 
air-pump,  and  the  rod  of  the  cold-water  pump  may  be  sus- 
pended from  the  parallel  bar  h  e. 

Candauer. — The  condenser  is  a  close  vessel  surrounded 
by  water,  and  communicating  with  the  cylinder  by  the 
eduction  pipe.  A  small  pipe  rises  a  little  way  in  the  con* 
denser,  and  is  terminated  by  a  nozzle  pierced  full  of  small 
boles.  The  water  from  the  cistern  in  which  the  con- 
denser is  placed,  flows  through  this  pipe,  and  forms  a  jet 
within  the  condenser,  and  thus  exposes  a  large  sur&ce  of 
cold  fluid  to  the  steam  entering  from  the  cylinder,  the 
greater  part  of  which  is  thereby  instantly  reduced  to 
water,  and  a  partial  vacuum  formed  at  the  same  time  in 
the  cylinder.  The  greater  the  quantity  of  the  injection 
water,  and  the  lower  its  temperature,  the  more  ^perfect 
will  be  the  vacuum,  and  the  power  of  the  engine  will  be 
proportionably  increased ;  but  the  most  eligible  quantity 
of  injection  water  will  depend  upon  the  facility  with 
which  it  may  be  procured,  as  more  power  might  be  ex- 
pended in  raising  a  large  quantity,  than  the  improved 
vacuum  would  compensate  for.  If  the  condensation  of 
the  steam  should  raise  the  condensing  water  to  120®  Fah- 
renheit, the  pressure  of  the  condensed  steam  and  air  in 
the  condenser  will  be  equal  to  S.7  inches  of  mercury ;  and 
the  steam  in  the  boiler  being  at  the  temperature  of  220® 
Fahrenheit,  and  the  water  in  the  cold  water  cistern  at  56®, 
the  injection  water  required  will  amount  to  ^th  part  of 
the  cubic  contents  of  the  cylinder  at  each  stroke. 

AiT'Pump. — In  the  conversion  of  water  into  steam, 
a  quantity  of  air  which  had  been  previously  combined 
with  it  is  liberated,  which,  on  the  condensation  of  the 
steam,  remains  a  permanent  gas ;  if  this  gas  were  allowed 
to  accumulate,  its  pressure  would  soon  stop  the  engine.  A 
pump,  therefore,  becomes  a  necessary  appendage,  to  ex* 
hausttheair  as  fast  as  it  is  liberated  by  the  steam ;  the 
action  of  which  disengages  a  further  portion  of  air  from 
the  injection  water,  which  water  must  likewise  be  with- 
drawn from  the  condenser;   and  as  the  air*pump  only 
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exhausts  on  the  risir  g  stroke  of  the  engine,  it  must  be  of 
tfttfficient  size  to  draw  off  all  the  air  given  out  at  two 
strokes  of  the  engine,  and  the  water  required  for  conden- 
sation. This  will  require  the  air-pump  to  be  about  {th 
of  the  capacity  of  the  steam  cylinder,  or  half  the  diameter 
and  half  the  length  of  the  cylinder. 

The  condenser  was  the  first  of  Watt's  grand  improve- 
ments  on  the  steam  engine ;  by  means  of  it,  the  cylinder 
is  maintained  at  nearly  the  temperature  of  the  steam,  and 
a  more  perfect  and  speedy  condensation  is  effected ;  but 
all  these  advantages  are  obtained  simply  by  the  steam 
being  condensed  out  of  the  cylinder.  Some  engineers  are 
of  opinion,  that  an  intermediate  vessel  between  the  cylin- 
der and  air-pump  renders  a  larger  air-pump  necessary, 
(See  Mr.  Bramah's  letter  to  Chief  Justice  Eyre,  page  93). 
Mr.  Tredgold  says,  that  if  the  steam  could  be  condensed 
in  the  body  of  the  air-pump,  a  pump  of  half  the  capacity 
would  be  suflBcient,  and  he  gives  a  drawing  of  a  single* 
acting  engine  without  a  condenser ;  but  a  double-acting 
engine  would,  in  our  opinion,  require  two  air-pumps,  or 
at  least  a  double-action  pump,  to  equalise  the  condensa- 
tion at  each  stroke. 

On  account  of  the  power  nece^ary  to  work  the  air- 
pump,  it  has  many  times  been  purposed  to  effect  the  con* 
densation  of  the  steam,  not  by  contact  with  cold  water, 
but  by  exposing  it  to  a  large  surface  of  metal  immersed 
in  water;  and  if  by  this  means  a  suflSciently  rapid  conden- 
sation could  be  effected,  the  air-pump  would  only  be 
necessary  for  a  few  strokes  at  starting  the  engine,  and 
might  afterwards  be  detached  from  the  beam. 

Mr.  Cartwright,  in  1794,  took  out  a  patent  for  an 
engine,  in  which  the  steam  was  condensed  on  this  prin- 
dple  (see  page  74),  and  an  engine  of  this  kind  was  con- 
structed, and  it  is  said  to  have  given  great  satisfaction  to 
the  proprietors;  but  from  its  not  having  been  adoptea 
generally,  we  are  inclined  to  donbt  the  truth  of  the  state* 
ment. 

Mr.  Brunei  likewise  had  a  patent,  in  1822,  for  the  same 
object;  bis  condenser  consisted  of  several  clusters  of  small 
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tubes  surrounded  by  cold  water*  Tbis  invention  was 
intended  chiefly  for  engines  for  steam  vessels,  and  cer- 
tainly, in  no  case  is  it  more  desirable  to  condense  the 
steam  without  bringing  it  in  contact  with  the  cooling 
fluid;  as,  by  this  me^u^  Bteam  vessels  might  use  fresh 
water  instead  of  sea  water  in  the  boilers,  which  would  be 
productive  of  great  econamy,  both  in  respect  to  the  con- 
sumption of  fiiel  and  the  greater  durability  of  the  boilers, 
which  are  rapidly  destroyed  by.  the  salt  water.  We  are  not 
aware  that  the  plan  has  been  tried  on  board  of  any  vessel, 
but,  from  the  facility  with  which  the  water  for  condensa- 
tion can  be  procured,  we  are  disposed  to  think  that  success 
is  attainable. 

The  size  of  the  pump  for  supplying  the  injection  water 
roust  depend  on  the  facility  with  which  the  water  can  be 
procured.  To  condense  the  steam  to  the  temperature  of 
120^  Fahrenheit,  will  require  about  20  times  the  quantity 
of  water  of  which  the  steam  is  formed,  or  iVth  part  of  the 
cubic  contents  of  the  cylinder;  and  as  the  pump  makes  but 
one  stroke  to  a  double  stroke  of  the  piston,  its  capacity 
should  be  equal  to  Vrd  part  of  the  cylinder. 

The  injection  water,  having  its  temperature  considera- 
bly raised  by  the  condensed  steam,  is  pumped  into  the  hot 
well  by  the  air-pump,  and  from  this  well  the  boiler  is 
supplied  with  the  water  that  is  requisite  by  the  hot*water 
pump.  This  pump  must  furnish,  at  each  stroke,  as  much 
water  as  is  requisite  for  steam,  during  a  double  stroke  of 
the  piston,  besides  an  allowance  for  loss  by  the  valves, 
leakage,  &g.  As  steam  occupies  about  1700  times  its  bulk 
of  water,  the  hot-water  pump  should  furnish  T^vth  parts 
€f(  the  contents  of  the  cylinder^  or,  allowing  for  waste, 
should  be  rVinrth  of  the  capacity  of  the  cylinder. 

Supply  of  Water  to  the  Anfer.-^The  manner  of  regu- 
lating the  supply  of  water  to  the  boiler  is  given  in  the 
chapter  upon  boilers^  where  a  variety  of  methods  are  ex- 
plained* 

Safety  Valves  being  an  appendage  to  the  boiler,  are 
diso  described  under  the  head  of  boilers. 

Gcw^rnor.— It  has  already  been  mentioned,  in  our  de- 
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seription  of  the  throttle  valve^  that,  in  order  that  the 
engine  may  in  a  certain  degree  be  a  self-regulating  ma- 
chine^ the  throttle  yalve  is  usually  regulated  by  ^^  a  go- 
vernor/' connected  with  the  fly-wheel.  When  the  supply 
of  steam  exceeds  in  quantity  that  requisite  for  the  worl^ 
the  increased  velocity  of  the  fly* wheel  causes  the  governor 
partially  to  close  the  throttle  valve,  and  thereby  diminish 
the  sapply  of  steam  to  the  cylinder. 

The  arrangement  of  the  parts  of  a  governor  may  be  a 
good  deal  varied,  but  the  principle  is  the  same  in  aU,  triz0 
the  increasing  or  decreasing  of  the  centrifugal  fbrce  of 
two  heavy  balls,  which,  being  set  in  motion  by  the  revo- 
lution of  the  fly-wheel,  operate,  through  the  medium  of  a 
lever,  upon  the  throttle  valve.  The  annexed  figure  re- 
presents a  governor  used  in  an  engine  of  Fentom,  Murray 
and  Wood,  of  Leeds. 


a  is  an  upright  spindle  revolving  in  a  step,  and  set  in 
motion  by  the  fly-wheel  acting  on  the  bevelled  wheel  by 
through  an  intermediate  train  of  wheels;  c  c  are  two 
heavy  balls  suspended  by  jointed  arms  to  the  upright 
spindle  at  d ;  e  e  are  two  short  bars,  connecting  the  arms 
to  a  collar,  which  slides  upon  the  lower  end  of  the  spin- 
dle; to  this  collar  are  jointed  two  vertical  rods  (one  only 
can  be  seen),  which  support  another  sliding  collar  at  the 
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upper  end  of  the  upright  spindle,  above  the  point  of  sua* 
pension  d.  In  the  upper  collar  is  turned  a  groove,  which 
receives  a  forked  lever/,  that  is  connected  by  other  levers 
to  the  throttle  valve.  As  the  velocity  of  the  fly-wheel 
increases,  the  centrifugal  force  causes  the  balls  to  revolve 
further  apart;  in  doing  this,  their  elevation  is  increased, 
which  raises  the  lower  collar,  and  the  lower  collar  by  its 
vertical  rod  raises  the  upper  collar,  which,  by  means  of 
thor  lever  /,  acts  upon  the  throttle  valve,  as  beforemen- 
tioned. 

FieUCs  regutating  Valve  is  a  contrivance  introduced  by 
Mr.  Joshua  Field,  (of  the  firm  of  Maudslay  and  Co.)  ;  its 
object  is  to  regulate  the  supply  of  the  steam  to  the  cylinder, 
in  a  superior  manner  to  the  throttle  valve.  We  have  never 
seen  this  invention  applied,  but  Mr.  Tredgold  says  that 
^^it  consists  of  a  valve  placed -in  the  situation  usually 
assigned  to  the  throttle  valve,  that  is,  near  to  the  place 
where  the  steam  is  admitted  to  the  cylinder.  This  valve 
is  to  be  opened  at  once,  at  the  commencement  of  the  stroke, 
so  as  to  afford  fuH  passage  to  the  steam,  and  shut  at  once, 
after  a  certain  part  of  the  stroke  is  made,  that  the  rest  of  it 
may  be  completed  by  the  power  of  the  steam.  This  may  be 
done  by  causing  the  valve  to  open  by  a  tooth,  or  cam,  on  a 
cylinder,  on  one  of  the  revolving  shafts  formed  to  raise  the 
valve,  and  keep  it  open  till  the  shaft  has  made  part  of  its 
revolution,  and  then  shut  it.  If  the  toothed  cylinder  be 
made  to  slide  on  the  shaft,  and  the  form  of  the  tooth  be 
such,  that  as  tha  cylinder  is  moved  in  one  direction  the 
valve  will  shut  sooner,  and  in  the  other  direction  later, 
there  is  then  the  means  of  regulating  the  power  of  the  en- 
gine. This  may  be  done  either  by  hand,  or  by  causing 
the  cylinder  having  the  tooth  to  slide  by  the  governor." 

Perkins's  regulating  FaZt;«,-*For  cutting  off  the  steam  at 
any  part  of  the  stroke,  is  described  hereafter,  with  the  ac* 
count  of  his  expansive  engine. 

Fly*wheel—The  principles  of  the  fly-wheel  have  already 
been  so  fully  explained  (at  pages  65  to  69,)  that  we  shall 
here  give  only  the  following  simple  rule  for  ascertaining 
the  weight,  extracted  from  Brunton's  Compendium. 
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Multiply  the  numKer  of  horses  power  of  the  engine  by 
2000,  and  divide  by  the  square  of  the  velocity  in  feet,  of 
the  circumference  of  the  wheel  per  second,  and  the  quotient 
will  be  the  weight  in  cwts. 

Example  .'—Required  the  weight  of  a  fly-wheel,  proper 
for  an  engine,  at  20  horses  power,  the  circumference  of  the 
wheel  moving  at  the  rate  of  1232  feet  per  minute. 

Velocity,  1232  per  minute; 

20i  per  secondy     20  horses 
20i  2000 


Square    420i  )40000(90.4cwt.  weight  of  whee«» 

As  the  most  disastrous  consequences  might  result  from 
the  breaking  of  such  a  heavy  mass  as  the  fly-wheel, 
when  moving  with  great  velocity,  and  several  fatal  acci« 
dents  having  actually  occurred,  we  think  that  for  all  engines^ 
above  10  horses  power,  the  fly-wheel  ought  to  be  composed 
entirely  of  wrought-iron,  its  force  to  resist  tension  being 
so  much  superior  to  cast-iron. 

CaleulfHing  the  power  of  Engines. — Having  described  in 
detail  the  principal  constituents  ofthe  steam  engine, we  shall 
proceed  to  give  the  rules  for  calculating  the  power  from 
its  dimensions,  and  for  determining  the  dimensions  proper 
for  an  engine  of  a  desired  power.  These  rules  we  shall 
select  principally  from  Mr.  Tredgold's  excellent  treatise 
on  the  Steam  Engine,  referring  such  of  our  readers  as  are  de- 
sirous of  examining  the  foundations  of  the  rules  to  the  work 
itself,  in  which  they  will  find  a  minute  and  philosophical 
investigation  of  the  effect  of  every  circumstance  by  which 
the  power  of  the  engine  is  affected.  The  first  point  to  be 
ascertained  is  the  amount  of  the  effective  pressure  upon 
the  piston.  The  whole  force  of  the  steam  in  the  boiler, 
18  not  effective  in  raising  the  load,  various  deductions  being 
necessary  for  loss  by  condensation,-leakage,  friction^  &c» 
Hie  loss  from  these  causes,  in  an  engine  having  BO  con* 
denser,  is  estimated  as  follows : 
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Tbe  pressure  on  the  boiler  being  ••..••  10.000 

1*  The  force  necessary  for  prodacing  motion  of 

the  steam  in  the  cylinder '0009 

8.  By  cooling  in  tlie  cylinder  and  pipes    *0160 

8.  Friction  of  piston  and  waste   "2000 

4.  The  force  required  to  expel  the  steam  into  the 

atmosphere *0069 

5.  The  force  expended  in  opening  the  valves,  and 

friction  of  the  parts  of  an  engine "0089 

6.  By  the  steam  being  cut  off  before  the  end  of 

the  stroke 1000 

Amount  of  deductions         —  80g0 
Effective  pressure. . . .  0080 


nearly  i^ths  of  the  whole  pressure  of  the  steam  in  the  boiler ; 
and  if  we  deduct,  from  the  remaining  Aths,  the  amount  of 
the  pressure  of  the  atmosphere,  the  result  will  be  the  effec- 
tive pressure,  when  the  engine  is  not  working  by  expansion. 

Example. — If  the  pressure  in  the  boiler  be  equal  to  120 
inches  of  mercury,  and  the  pressure  of  the  atmosphere  90 
inches,  the  effective  pressure  will  be  i^ths  of  120^8  less 
90^^42  inches. 

In  a  condensing  engine  the  loss  is  estimated  as  follows : — 

The  pressure  on  the  boiler  being • 1000 

1.  By  the  force  required  to  produce  motion  of  the  steam 

into  the  cylinder ...••  007 

%  By  the  cooling  in  the  cylinder  and  pipes.  •...••...  016 

3.  By  the  friction  of  the  piston  and  loss   185 

4.  By  the  force  required  to  expel  the  steam  through 

the  passages    ••.. 007 

6.  By  the  force  required  to  open  and  close  the  valves, 
raise  the  injection  water,  and  overcome  the  friction 

of  the  axes 008 

0.  By  the  steam  being  cut  off  before  the  end  of  the  stroke  100 

?•  By  the  power  required  to  work  the  air-pump 050 


The  pressure  of  steam  on  the  boiler  is  generally  55  inches 
of  mercury^  for  condensing  engines,  and  the  pressure  of 
the  UDCondensed  steam  is  3.7  inches;  the  difference  be* 
tween  the  two  pressures  is  31.3  inches,  which,  multiplied 
by  632,  gives  18.42  inchesaeT.l  lbs.  circular  inch,  as  the 
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effective  pressnre  upon  the  piston^  when  thp  engine  does 
not  work  expansively. 

Working  by  expansian.^^But  it  is  found  advantageous  to 
work  by  the  expansion  of  the  steam  ;  t)iat  is,  to  cut  off  the 
steam  at  a  given  portion  of  the  stroke,  and  allow  the  re- 
mainder of  the  stroke  to  be  effected  by  the  expansion  of 
the  steam ;  by  which  means,  all  the  power  obtained  by  the 
expansion  of  the  steam  is  gained,  and  this,  in  high-pressure 
engines,  is  considerable.  The  following  popular  illustra- 
tion of  this  subject,  by  Mr.  Perkins,  is  extracted  from  the 
Register  of  Arts,  and  Journal  of  Patent  Inventions, 
(vol.  i.  N.  S.  page  72.) 

*^  The  diagram,  figs.  1  and  2,  will  shew  the  economy  of 
using  steam  expansively,  and  also  the  method  of  compen- 
sating for  the  inequality  of  the  pressure  on  the  piston, 
which  if  steam  of  400 lbs.  to  the  square  inch  be  used,  and 
stopped  off  at  the  quarter  stroke,  will  end  its  stroke  at 
100  lbs.  per  inch.  The  diagram  will  also  show  that  the 
motion  of  the  piston  is  constantly  varying,  while  that  of 
the  crank  is  uniform  in  its  motion.* 


(PIG.  1.) 


*  This  diagram  does  not  pretend  to  mathematical  accuracy  •  th« 
object  is  merely  to  explain  to  the  practical  mechanic,  in  a  snflScientljr 
clear  and  concise  manner,  the  principle  of  the  advantage  gained  by 
ustqa  tteam  expansively. 

90.  3  m 
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FtCp.LAA400  Fig.  1.  BB475  Fig.  1.  CG  1S6 

8.  AA  875            8.  BB  185  8.  CG  600 

675                        600  785 

Fig.  1.  DD  400  Fig.  1.  EEL  475  Fig.  1.  FF.  185 

8.  DD  876               EE.  185  FF.  600 

675                       600  785 


^^  From  repeated  experiments,  and  much  reflection,  I  am 
led  to  believe  that  there  is  great  economy  in  using  very 
high  steam,  and  that  expansively ;  that  the  higher  you  can 
practically  use  the  steam,  the  sooner  you  may  cut  it  offl 
The  diagram  shews  the  gain  in  cutting  off  the  steam  at  the 
quarter  stroke.  Let  the  piston,  which  is  represented  by 
the  line  it,  1  a,  descend  to  i  fr,  being  one  quarter  of  the 
stroke,  with  a  constant  pressure  of  400  lbs.  per  square  inch. 
At  this  point  let  the  steam  be  cut  off,  and  expand  to  double 
its  volume ;  when  it  arrives  at  h  c,  it  will  be  exerting  a 
pressure  of  200  lbs.  per  inch,  producing  a  mean  of  300  lbs. 
per  inch,  through  the  quarter  stroke.  Let  the  steam 
again  expand  to  double  its  volume,  and  the  piston  will 
finish  its  stroke  at/6,  at  100  lbs.  per  inch,  giving  a  mean 
of  160  pounds  per  inch  for  each  quarter,  which  add  to 
the  other  two  quarters,  400,  SOO,  150, 150,  and  the  whole 
sum  will  be  1000,*  giving  an  average  pressure  of  250,  per 
square  inch.  It  will  be  seen  that,  when  the  stroke  is  com-* 
pleted,  the  cylinder  will  be  filled  with  steam  at  a  pressure 
of  loo  lbs.  per  inch,  which  will  be  the  same  in  quantity  as 
though  the  steam  had  begun  with  a  pressure  of  100  lbs.  per 
inch,  and  continued  all  the  stroke  at  that  pressure.  By 
using  the  same  quantity  of  steam  expansively,  beginning 
at  400  lbs.  there  is  a  gain  of  150  per  cent.  If  the  steam 
be  used  at  000  lbs.  per  inch,  and  cut  off  at  one«eighth  of  the 


•  If  the  steam  had  coDtlnued  the  whole  length  of  the  stroke  at  liOOlbs* 
per  square  incb^  the  sum  would  have  been  lOOOlbs.  j  consuming  four 
times  the  steam,  with  the  addition  of  only  60  per  cent  to  the  power. 
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stroke^  225  per  cent,  will  be  the  gain*  To  compensate 
for  the  unequal  pressure  of  the  steam  upon  the  piston^  two 
cylinders  should  be  used,  particularly  for  steam  boats  and 
pumping,  where  the  fly  should  be  dispensed  with.  With 
the  following  arrangement,  it  will  be  seen,  while  one  of 
the  pistons  is  at  its  greatest  power,  the  other  is  acting 
with  a  diminished  power. 

^^  The  piston  1,  fig.  1,  in  descending  from  a  to  5,  moves, 
^ji  the  same  time,  through  half  the  space  through  which 
the  crank  moves,  as  will  be  seen  by  its  path  from  1  to  3. 
A  force  of  400  lbs.  is  exerted  on  the  square  inch,  (that 
being  the  pressure  of  the  steam,)  in  the  first  quarter  of  the 
stroke ;  at  this  point  the  steam  is  cut  ofi^,  leaving  the  other 
three-fourths  of  the  stroke  to  act  expansively.  The  piston 
1,  fig.  2,  having  completed  half  its  stroke,  when  piston  1, 
fig.  1,  begins  its  stroke,  and  consequently  a  compensation 
near  enough  for  all  practical  purposes  takes  place. 

^Mt  will  be  seen,  that  while  the  piston  ],  fig.  1,  has  per- 
formed one^fourth  its  stroke,  that  the  piston  1,  fig.  2,  has 
moved  from  c  to  6,  performing  seven-sixteenths  of  its  stroke 
in  the  same  time.  The  mean  in  each  quarter,  from  c  to  e, 
fig.  2,  being  150  lbs.  the  amount  of  pressure  to  be  added  to 
the  first  quarter  of  the  stroke  of  the  piston,  fig.  1,  (which 
was  400  lbs.)  is  275  lbs.,  producing  an  available  power  of 
675  lbs.  at  this  part  of  the  stroke.  The  piston,  fig,  2,  now 
moves  but  two-sixteenths  of  its  stroke  from  6  to  6,  and  f 
to  8,  while  the  crank  moves  through  two  of  its  divisions, 
from  6  to  8,  which  would,  in  another  part  of  its  path,  move 
(within  a  fraction)  with  the  same  velocity  as  the  piston. 
The  piston,  fig.  2,  in  moving  from  6  to  €,  gives  a  power  of 
25  lbs.  being  the  last  of  the  expansion  which  ends  at  lOOlbs. 
per  inch.  The  piston,  fig.  2,  in  moving  iVom/to  8,  being 
the  beginning  of  the  stroke,  gives  a  power  of  100  lbs. ;  thus 
a  power  of  125  lbs.  will  be  acting  in  the  piston  1,  fig.  1, 
while  moving  from  b  to  d,  giving  a  power  of  475  lbs.,  to 
which  add  125,  will  shew  a  power  of  600  lbs.  at  this  part 
of  the  stroke.  The  piston  1,  fig.  1,  now  descends  from  d  to  e, 
being  the  last  quarter  of  the  stroke,  giving  125  lbs.  of 
power  to  act  with  the  piston  1,  fig.  2,  wl^^e  moving  from 
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8  to  hy  giving  a  power  of  600 lbs.;  add  to  this  the  125 lbs; 
and  it  will  give  a  power  of  725  lbs.  at  this  part  of  the  stroke. 
The  piston  1,  fig.  1,  now  begins  its  stroke  of  400  lbs.  per 
inch  at/,  and  continues  to  g^  with  the  same  power,  while 
piston  1,  fig.  8,  moves  from  h  to  IS,  giving  a  power  of  SOOlbs. 
to  be  added  to  the  400  lbs.  obtained  at  the  first  quarter  of 
the  stroke  of  the  piston  1,  fig.  1^  at  /  and  9,  producing 
at  this  part  of  the  stroke  TOOlbs.  of  power.      The  piston 
1,  fig.  1,  now  moves  from  g  to  t,  giving  a  power  of  475, 
while  the  piston  1,  fig.  S,  moves  from  12  to  it,  and  a  to 
8,  giving  a  power  of  185 ;  which  added  to  475,  gives  a 
power  of  600,  at  this  part  of  the  stroke.    The  piston  1, 
fig.  ],  now  moves  from  t  to  1,  being  the  last  quarter  of  the 
stroke,  giving  a  power  of  125  lbs.,  while  the  piston,  fig*  2, 
moves  from   8  to  c,  producing  a  power  of  600,  to  which 
add    125  lbs.,  will   make  725  lbs.    at  this  part  of  the 
stroke. 

<<  By  this  arrangement  it  will  be  seen,  that  a  compensation 
is  obtained,  giving  a  more  equable  power  than  that  which 
is  produced  by  the  single  engine,  whether  high  or  low 
pressure,  since  it  is  well  known  that  at  two  points  of  the 
revolution  of  the  crank,  the  power  ceases,  during  at  least 
one-sixth  of  the  time,  which  is  the  reason  that  so  large  a 
fly-wheel  is  necessary.  It  is  particularly  applicable  to 
steam-boats,  and  may  be  used  to  great  advantage  in  the 
double  pump,  as  well  as  the  balance-bob  lifting  pump, 
used  in  Cornwall  for  mining  purposes,  by  the  use  of  pro- 
per gearing.  The  present  single  stroke  expansive  engines, 
used  in  Cornwall  for  pumping,  are  preferred  to  all  others 
on  account  of  their  economy,  although  they  are  very 
limited,  as  to  the  extent  of  the  expansive  principle,  for  want 
of  compensation,  as  nearly  the  same  power  is  wanted  to 
finish  the  stroke  of  the  pump  as  to  begin  it. 

^'  The  variation  of  the  velocity  of  the  piston,  occasioned  by 
the  compound  motion  of  the  crank  and  connecting  rod^  is 
not  taken  into  view  in  this  diagram.  As  the  coanecting 
rod  is  intended  to  be  four  diameters  of  the  fath  of  the 
crank,  the  variation  will  make  no  practical  ol]9ection,  being, 
at  itg  greatest  icalue,  but  one  thtrty<-8econd  part  of  iti 


WORKED  SXPAN81TELT.  461 

range*  If  the  engine  should  be  worked  by  a  counectiug 
rod,  as  is  sometimes  the  ease  in  steam  boats,  say  only  one 
diameter  of  the  path  of  the  crank,  the  variation  at  each 
end  of  the  stroke  would  amount  to  a  practical  defect,  since 
the  piston  would  move  with  nearly  three  times  the  velocity 
at  the  lowest  quarter  of  the  stroke^  that  it  would  at  the 
first  quarter.  Thus  circumstanced,  the  crank  must  be 
above  the  cylinder. 

^^  As  the  law  of  expansion  seems  not  yet  to  be  settled,  an 
arithmetical  expansion  has  been  used  for  this  diagram, 
which,  from  its  approximation  to  the  real  law,  will  be 
quite  near  enough  for  practical  purposes.  Many  who  are 
of  the  school  of  Tilloch  and  Woolf,  believe  that  the  ex- 
pansive power  of  steam  depends  upon  heat  only,  while  the 
Soho  experiments  are  said  to  prove  that  elasticity  depends 
simply  on  density,  without  regarding  temperature,  viz. 
that  if  a  cubic  foot  of  steam  at  atmospheric  pressure  weighs 
one  ounce,  fifty  atmospheres  of  steam  would  weigh  fifty 
ounces ;  but  Dalton,  who  is  undoubtedly  much  nearer  the 
true  law,  would  make  fifty  atmospheres  weigh  but  about 
thirty«four  ounces. 

^^  I  have  no  doubt  that  the  nearer  the  atoms  of  water  are- 
made  to  approach  each  other  by  compression,  the  greater 
will  be  the  repulsive  action  of  caloric ;  and  that  in  a  more 
rapid  ratio  than  has  hitherto  been  allowed^  especially  in 
highly  compressed  steam.  Its  comparative  density  with 
the  increase  of  power  diminishes  faster  than  has  been  sup- 
posed even  by  Dalton."' 

The  advantages  of  allowing  the  steam  to  expand  being 
so  clear,  we  must  next  determine  the  best  point  for 

Cutting  off  the  Steam, — The  pressure  of  the  steam  upon 
the  piston  should  never  be  less  than  the  resistance  from  the 
friction,  &c.  added  to  the  pressure  of  the  atmosphere  in 
non-condensing  engines,  or  the  pressure  of  the  uncondensed 
steam  in  condensing  engines ;  and  as  the  pressure  of  the 
steam  is  inversely  as  the  space  it  occupies,  if  we  divide  the 
amount  of  the  friction,  &c.  added  to  the  pressure  of  the  at« 
mosphere,  or  of  the  uncondensed  steam  by  the  pressure  of 
thesteam  in  the  boiler,  the  quotient  will  give  the  portion  of 
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the  stroke  at  which  the  steam  should  be  cut  oiF^  to  produce 
the  greatest  effect. 

Example — The  pressure  in  the  boiler  beiug  120  inches, 
the  loss  from  friction,  &c.  is  *4iVih48,  which  added  to  SO 
inches,  the  pressure  of  the  atmosphere,  is  78 ;  and  this  divided 
by  120  gives  '-AV  as  the  part  of  the  stroke  at  which  the 
tfteam  should  be  cut  offl 

The  pressure  of  the  steam  upon  the  piston  decreasing 
towards  the  close  of  the  stroke,  in  order  to  compute  the 
power,  we  must  first  ascertain  the  mean  effective  power 
which  has  been  exerted  throughout  the  whole  stroke ;  for 
non-condensing  engines,  Mr.  Tredgold  gives  the  follow- 
ing rule. 

Liet  the  portion  of  the  stroke  at  which  the  steam  is  cut 
off,  be  represented  by  a  fraction  whose  numerator  is  1 ; 
then  multiply  the  logarithm  of  the  denominator  by  2^, 
and  add  1  to  the  product;  then  divide  the  sum  by  the  deno- 
minator, and  subtract  0.4  from  the  quotient,  and  the  re- 
mainder  being  multiplied  by  the  whole  force  of  the  steam 
in  pounds  per  circular  inch,  and  11.5Slbs.  subtracted  for 
the  pressure  of  the  atmosphere,  will  give  the  mean  effective 
pressure  on  the  piston,  in  pounds  per  circular  inch* 

Example. — Let  the  pressure  in  the  boiler  be  461bs.  per 
circular  inch,  and  the  steam  cut  off  at  tds  of  the  stroke. 

f—^  Logarithm  of  1.5X8.8  —  0*406 

1- 

IM)  1-406 

-986 

«4    Allowance  for  frictioa^  Stc 

-586 
46  lbs.  the  pressure  in  the  boiler. 


24-656 

11  '66   resistance  of  atmosphere. 


Moan  effectiTe  presrare,  18*106  lbs.  per  circvlar  inch. 

But  it  is  only  by  condensing  the  steam,  after  allowing  it 
to  expand,  tha^  t^e  greatest  possible  effect  is  derived  from 


» *  •  ^» 


fc"k 
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steam ;  in  this  ease,  the  rule  for  finding  the  mean  effectire 
pressure  is  as  follows  :— 

Let  the  part  of  the  strohe  at  which  the  steam  is  cut  off, 
be  represented  by  a  fraction  whose  numerator  is  1 ;  then 
multiply  the  logarithm  of  the  denominator  by  2*3,  and 
divide  the  product  by  the  denominator,  and  the  product 
multiplied  by  the  whole  force  of  steam  in  the  boiler  in 
pounds  per  circular  inch,  will  give  the  mean  pressure. 

Example — Let  the  pressure  in  the  boiler  be  35  inches, 
or  13.51bs.  per  circular  inch,  and  let  the  steam  be  cut 
off  at  t  of  the  stroke* 
f  »^^  logarithm  8S8819X  f  f  a=*854X  13*6=4*8 lbs.  per  circular  inch. 

The  velocity  with  which  the  piston  should  move  is  shown 
by  Mr.  Tredgold  to  be  |th  of  the  velocity  which  a  body 
would  acquire  in  falling  through  the  length  of  the  stroke, 
which  being  eight  times  the  square  root  of  the  length, 
gives  twice  the  square  root  of  the  length  of  the  stroke,  as 
the  velocity  of  the  pbton  per  second,  or  120  times  the 
square  root  per  minute,  suppose  the  steam  to  act  on  the 
piston  during  the  whole  stroke  with  the  same  pressure ; 
but  the  imperfection  of  the  valves  not  admitting  of  this, 
he  gives  the  following  rule  for  engines  acting  expansively. 

Let  the  part  of  the  stroke  at  which  the  steam  is  cut  off, 
be  represented  by  a  fraction  whose  numerator  is  1,  multiply 
the  logarithm  of  the  denominator  by  2*3,  and  add  *7  to  the 
product;  multiply  the  sum  by  the  portion  of  the  stroke  at 
which  the  steam  is  cut  off,  and  the  square  root  of  the  pro- 
duct, multiplied  by  120,  gives  the  velocity  in  feet  per  minute. 

JEvompfe.— Let  the  steam  be  cut  off  at  |,  and  the  stroke 
be  eight  feet  long,  required  the  velodty. 

I  log.  is  0-60906 
2*3 


I-d8478 
+•7 


a*08473 
iof§s  S 


4*160iy  X  1S0=:245  fleet  per  miaila. 
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In  engineti  not  intended  to  work  expansively,  the  steam 
may  be  reckoned  as  cut  off  at  \  of  the  stroke,  and  then 
103,  the  square  root  of  the  length  of  the  strokeasto  the 
velocity. 

Exampk* — The  steam  acting  under  full  pressure,  and 
the  length  of  stroke  eight  feet,  required  the  velocity. 

8>/   log.  0*46154 
103      8-01283 


S91  relo.»S'4e487 


To  find  the  Power  of  an  Engine. — ^Multiply  the  square 
of  the  diameter  in  inches  by  the  effective  pressure  in 
pounds  per  circular  inch,  and  the  product  by  the  velocity 
in  feet  per  minute,  and  this  product  will  be  the  number 
of  pounds  raised  one  foot  high  per  minute,  which,  divided 
by  33,000,  will  be  the  number  of  horses  to  which  the  en- 
gine is  equivalent. 

Example. — Required  the  power  of  an  engine,  the  dia- 
meter of  the  piston  being  two  feet,  length  of  stroke  four 
feet,  and  eflfective  pressure  per  circular  inch  7*1  lbs. 

Diameter^  84  inches  sqiiaress  570 

Effective  pressare 7*1 

4089-6  I 

Telocity 803 

Poonds  raised  one  ibot  high.  •848407*6 
And  848407-^88,000—851  hones. 

To  ascertain  the  dimensions  of  an  engine  of  a  given 
power,  to  work  at  a  given  pressure,  and  the  diameter  to  bo 
in  any  proportion  to  the  length: — 

Let  the  proportion  between  the  diameter  and  length  of 
the  stroke  be  represented  by  a  fraction  whose  numerator 
is  1,  divide  12  by  the  denominator,  and  find  the  logarithm 
of  the  >/  of  the  quotient,  and  to  this  add  the  logarithm  of 
83,000,  and  from  the  sum  subtract  the  logarithm  of  the 
effective  pressure,  and  the  logarithm  of  the  namber,  which 
multiplied  into  the  square  root  of  the  length,  would  give 
the  velocity;^  t)ie  remainder  multiplied  by  2,  and  divided 
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by  6,  will  give  the  diameter  in  inches,  from  vi  hence  the 
length  of  stroke  and  velocity  may  be  found. 

JELvampfe.^Required  the  diameter  of  the  cylinder  for 
an  engine  of  30  horse  power,  with  the  length  of  the  stroke, 
and  velocity  per  minute,  the  length  of  the  stroke  being 
twice  the  diameter  of  the  piston,  and  the  effective  pressure 
7.1  lbs.  per  circular  inch,  to  work  at  full  pressure.  At 
full  pressure,  the  square  root  of  the  length,  multiplied  by 
103,  gives  the  velocity  per  minute. 

Proportion  of  diameter  to  stroke  ^  and  12i  S=6  log.  0.77815     0.38d07 

83000 log.  4.61851      4.51851 

30  horses. ...  * log.  1.47718      1.47712 

Rum 6.77378      6.38470 

7.1  eff.  pressure  log.  0.85125 

103 log.  2.01283 

^2.86408     2.86408 

ZMd70     3.52062 
2  2 

5)7.81940  5)7.04184 

Inches  diameter  85. 1 .56389      1 .40825 


SECTION  IV. 

STEAM-BOAT  PROPELLING  MACHINBBT. 

A  STRONGER  proof  of  the  importance  attached  to  this  sub- 
ject cannot  well  be  afforded,  than  by  the  curious  fact,  that 
no  less  than  seventy  different  inventions  have  recently  been 
patented,  for  the  propulsion  of  steam  vessels.  It  is  hardly 
possible  to  suppose  that  the  exertion  of  so  much  mecha- 
nical ingenuity  can  fail  to  effect  some  improvement  upon 
the  ordinary  paddle-wheels,  which  are  universally  admit* 
ted  to  possess  many  great  and  glaring  defects ;  neverthe- 
less, it  is  a  remarkable  circumstance,  that  among  the  very 
90.  So 


>  « 
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nnmeroiM  attempts  to  obviate  these  defects,  consistini;  ttf 
new  modifications  of  tfae  wheel,  as  well  as  suhstitntea  for 
it^  very  few  have  been  purposed,  that  have  not  been  cal* 
ciliated  either  to  augment  the  evils,  or  to  introduce  others 
of  greater  magnitude.  In  the  latter  part  of  Mr.  Gallo- 
way's work  in  this  volume,  he  has  introduced  a  short 
treatise  oo  this  subject,  to  which  the  following  account 
of  new  contrivances  for  propelling,  chronologically  ar- 
ranged, will  form  a  valuable  addendum. 


(FIG.  3.) 


inaaiagnnjnaan^anj 


Patent  Paddle-wheel  Cases,  by  Mr.  D.  Gordon,  qf  the  Lon- 
don  Portable  Gat  Works.  1822. 

The  patentee  purposes  to  enclote  the  ordinary  paddle- 
wheels  in  a  caa,  in  snch  a  manner  that  the  edges  of  th« 
paddles  of  the  wheel  hare  only  juat  liberty  to  move  freely 
between  the  sides  of  the  case;  in  front  (t.  e.  towards  th» 
bow  of  the  reasel,)  the  water  enters  at  an  aperture  in  tba 
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{,  entirely  below  the  level  of  the  water  line,  which, 
having  been  operated  upon  by  the  paddle-wheels,  escaped 
freely  at  the  back,  the  case  being  left  quite  open  in  that 
part  for  the  purpose.  By  this  method  of  inclosing  the 
paddle-wheels,  it  is  considered  that  they  will  act  with 
much  more  effect,  and  propel  a  vessel  faster,  as  the  water 
cannot  escape  either  sideways  or  downwards,  but  is  forced 
to  enter  the  aperture,  and  be  fairly  driven  out  behind* 
Anociier  advantage  derived  by  this  casing,  of  no  less  im- 
portance, is  the  protection  it  affords  the  paddle-wheels 
Aom  the  violence  of  the.  waves,  which  not  unfrequently 
causes  serious  damages  and  accidents,  when  Ipft  exposed 
in  the  usual  way* 

The  diagram  fig.  1,  is  intended  to  exhibit  a  side  liew  of 
a  vessel  so  constructed ;  and  fig.  2,  is  a  view  towards  the 
head  of  the  vessel;  the  same  letters  referring  to  similar 
parts  in  each  of  the  figures. 

a  is  the  paddle-wheel  case,  the  wheel  within  being  re« 
presented  by  dotted  lines;  b  is  the  fore  part  of  the  keel, 
under  the  bows  of  the  vessel ;  c  is  the  aperture  for  the 
water  to  enter,  and  d  the  open  back  part  of  the  case,  for 
the  water  to  escape ;  the  dotted  line  6,  shipws  the  level  of 
the  water  line,  above  the  apertures  c  c,  beforementioned. 

The  specification  describes  several  differently  formed 
vessels,  both  for  inland  and  sea  navigation,  and  shows,  by 
reference  to  accompanying  plans  and  sections,  that  the  in- 
vention is  equally  applicable  to  them  all,  and  in  whatever 
part  of  the  hull  the  paddle-wheels  or  ti;A€^/may  be  situa- 
ted. The  construction  of  steam  vessels  with  onlv  one 
paddle-wheel  placed  at  the  stern,  and  in  the  middle  of  its 
breadth,  though  not  entirely  new,  (nor  claimed  under  this 
patent,)  is  too  remarkable  for  us  to  pass  over ;  we  have, 
therefore,  selected  the  third  figure  in  our  engraving,  to 
represent  the  patentee's  method  of  applying  his  invention 
to  vessels  of  this  kind.  The  figure  gives  a  longitudinal 
section  of  a  steam-boat  more  especially  adapted  for  inland 
navigation.  This  vessel  is  intended  to  have  a  channel  or 
course  made  through  its  whole  length  along  the  bottom^ 
being  open  at  the  under  side^  (like  an  inverted  trough^ 
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until  it  comes  to  the  part  where  the  paddle-wheel  case 
commences;  and  there  the  channel  is  closed  up  under  the 
paddles,  so  as  nearly  to  touch  their  extremities  as  they 
revolve.  It  is  likewise  intended  that  this  vessel  shall  be 
steered  by  two  rudders,  placed  one  on  each  side  of  the  pad- 
dle-wheel, and  connected  together  by  jointed  rods,  so  as  to 
be  moved  by  one  lever  or  tiller.  The  paddle-wheel,  in  its 
case,  b  shown  at  a;  the  aperture  for  the  entrance  of  the 
water  at  the  end  of  the  long  channel  at  c,  which  escapes 
freely  at  the  back,  as  the  rudders,  being  placed  at  the  sides 
of  the  stern,  offer  no  obstruction. 

The  aperture  for  admitting  the  water  to  the  paddle- 
wheel,  the  patentee  recommends  to  be  furnished  with  a 
sluice  or  gutter,  «o  that  the  water  may  be  supplied  in 
greater  or  less  quantity,  by  increasing  or  diminishing  the 
aperture,  according  to  the  velocity  of  the  wheel,  or  to  the 
roughness  of  the  water  in  which  the  vessel  is  navigated. 
It  is  also  recommended  that  the  said  aperture  shall  be 
protected  by  flat  bars  of  metal  placed  edgeways,  so  as  to 
form  an  upright  grating,  to  prevent  any  floating  sub- 
stances from  driving  against  the  paddle-wheels,  and  at  the 
same  time  not  to  prevent  the  free  entrance  of  the  water. 

Patent  Steam  Boat  Paddles,  by  Lieut.  W.  H.  HiOy  oj 

Wwlwich.  1825. 

The  object  of  this  invention  is  to  give  a  more  efiicient 
direction  to  the  paddles,  by  causing  them  to  describe  an 
elliptical  curve  in  passing  through  the  water;  to  descend 
into  it  at  ah  angle  nearly  perpendicular  to  its  surface^and 
ascend  out  of  it  at  a  similar  angle ;  by  these  means  to  ob- 
tain all  the  advantages  of  the  resistance  of  the  water  as  a 
fulcrum  to.  the  leverage  of  the  paddles,  and  avoid  the  op- 
posing disadvantages  incident  to  the  ordinary  paddles  at 
their  entrance  into  and  exit  from  the  water.  The  arrange- 
ment is  no  less  singular  than  ingenious. 

a  a  ay  fig.  1,  represent  the  spokes  of  the  paddle- wheel, 
shown  as  disconnected  and  broken  off  from  the  periphery 
h  fr,  to  prevent  its  being  confused  with  the  novel  propd« 
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ling  part;  cccc  are  four  bent  leversi  one  of  which  is 
shown  separately  by  fig.  3;  e  eee  represent  the  edges  of 
the  paddle-boards,  which  are  bolted  to  the  straight  arms 
of  the  levers  c,  and  are  connected  by  axles  to  four  short 
arms////,  which  radiate  from  the  periphery  of  the 
wheel ;  each  end  of  the  curved  part  of  the  levers  is  at- 
tached to  the  next  lever  in  the  series,  by  an  intermediate 
short  rod  g  g  g  g*  Owing  to  this  mode  of  connecting  the 
short  rods  by  pivot  joints,  the  resistance  of  the  water 
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a^inst  each  immersed  paddle,  causes  the  next  in  succes- 
sion which  is  entering  the  water,  to  be  depressed  at  its 
extremity,  thereby  throwing  it  into  that  position,  or  that 
angle  with  the  surface  of  the  water,  by  which  it  meets 
with  the  least  impediment  to  its  immersion. ,  The  resist- 
ance of  the  water  upon  the  paddle  that  has  preceded  it, 
then  draws  the  other  into  the  vertical  position,  at  the 
same  time  that  it  is  itself  being  raised  out  of  the  water,  at 
a  similar  angle  to  that  by  which  it  entered ;  these  motions 
are  communicated  successively  to  all  the  paddles  by  the 
revolution  of  the  wheel,  which  will  be  understood  uj  «n 
examination  of  fig.  3,  wherein  are  represented  the  positions 
into  which  the  paddles  and  levers  are  thrown,  by  the  exit 
and  entrance  of  the  paddles. 

In  the  Repertory  of  Patent  Inventions,  No.  7,  the  whole 
of  the  specification  of  Mr.  HilFs  patent  is  inserted,  which 
contains  geometrical  instructions  for  the  formation  of  this 
ingenious  apparatus,  so  as  to  insure  the  true  and  uniform 
action  of  the  parts. 

Patent  Propelling  Machinery,  by  G.  H.  Palmer ,  of  the 

Royal  Mint.    1826. 

Thi8inventionis8osimple,bothin  its  construction  andap- 
plication,  as  to  need  no  explanatory  engravings.  It  consists 
of  chains  passing  horizontally  along  the  sides  of  a  vessel, 
or  along  the  bottom  between  false  keels,  with  paddles 
jointed  to  a  guide  frame,  to  which  they  are  attached  in 
such  a  manner,  that  when  the  chain  is  drawn  in  a  direc- 
tion from  stem  to  stern,  the  paddles  will  be  kept  in  a  per- 
pendicular position  by  small  check  chains,  proceeding  from 
the  lower  extremity  of  the  paddle,  to  the  main  chain  or 
guide  frame,  in  an  angular  position  ;  thus  forming  a  resis- 
tance to  the  water,  which  propels  the  vessel  forwards.,  as 
the  chains  with  the  paddles  are  dragged  backwards.  When 
the  horizontal  parts  of  the  chains  are  returned,  or  moved 
from  stern  to  stem,  the  paddles  fold  up  and  take  a  hori- 
zontal position  with  the  chains,  and  therefore  form  no 
resistance  in  passing  through  the  water.    The  chains  are 


KAIRN  t  PROPELLING  MACHIRBRT.  471 

kept  in  their  places  by  passing  over  guide  pulleys  at  each 
end  of  the  horizontal  or  lower  ports,  and  over  wheels  at 
the  upper  ports.  The  wheels  are  furnished  with  spikes  on 
their  peripheries,  which  take  into  the  links  of  the  chains. 
These  wheels  are  put  in  motion  by  a  band  passing  over  a 
drum  in  connexion  with  a  steam  engine,  and  round  a  small 
rigger  attachi^d  to  the  axis  of  each  of  the  spiked  wheels. 

When  the  paddles  have  been  made  to  traverse  their 
assigned  distance  along  the  vessel,  in  the  direction  from 
stem  to  stern,  they  are  returned  to  their  first  position  by 
reversing  the  motion  of  the  spiked  wheels. 

If  the  paddles  be  used  on  the  sides  of  the  vessel,  the 
spiked  wheels  and  guide  pulleys  are  attached  to  triangu* 
lar  frames,  which  are  firmly  fixed  to  the  sides*  But  if 
they  be  applied  to  the  bottom  of  the  vessel,  (which  the* 
patentee  recommends  when  they  ar^  used  for  barges  on 
canals,  as  they  will  in  that  case  agitate  the  water  less,  and 
consequently  do  less  injury  to  the  banks  of  the  canal,)  they 
must  be  placed  between  false  keels.  In  this  case  the  same 
spiked  wheel  will  serve  to  give  motion  to  both  chains  at  the 
same  time,  by  passing  them  round  it  in  contrary  directions ; 
hence  one  paddle  or  set  of  paddles  will  be  kept  in  action, 
while  the  other  is  returned  through  the  water  in  a  hori- 
zontal position. 

Patent  Propelling  Machinery j  by  John  Nairn,  of  Edin^^ 

burgh.    1828. 

Two,  four,  or  more  levers  are  to  be  suspended  over  the 
sides  of  a  vessel,  and  to  descend  nearly  as  low  as  the  ves- 
sel's keel.  These  levers  are  to  be  moved  backwards  and 
forwards,  like  apendulum,  the  motion  being  communicated 
by  a  steam  engine,  or  other  prime  mover ;  and  that  the 
levers  may  experience  but  little  resistance  from  the  water, 
they  should  be  of  such  a  shape  as  to  present  in  their  hori- 
sontal  section  a  form  like  the  adjoining  fig.  I. 
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(FIG.  1.) 


(FIG.  8.) 


At  each  side  of  the  lever,  at  its  lower  extremity,  is  at- 
tached a  broad  plate  of  iron,  a  a,  fig.  2,  by  means  of  hinge 
joints,  which,  upon  the  lever  being  moved  forward,  close, 
and  offer  no  resistance;  but  when  it  is  moved  backward, 
they  open  or  expand,  and  thereby  impel  the  vessel  for- 
ward. To  prevent  their  opening  beyond  the  proper  angle, 
which  is  from  14D  to  160  degrees,  a  circular  arc  may  pass 
through  them,  or  they  may  be  connected  to  chains,  which 
only  allow  them  a  certain  range  of  opening,  or  any  other 
method  to  admit  their  expansion  within  due  limits. 

There  have  been  many  previous  contrivances  for  pro* 
pelling,  bearing  a  resemblance  to  Mr.  Nairn 'ar  invention, 
which  have  failed  in  practice ;  and  we  can  discover  nothing 
in  the  preseat  contrivance  calculated  to  render  it  an 
exception.  ^ 

Patent  Propelling  Machinery j  by  Paul  Steenstrup^  of 

Lane^  London.    1828. 


In  the  ordinary  construction  of  paddle*wheels,  it  will  be 
observed  that  each  paddle  is  fixed  in  the  direction  of 
radii,  and  it  is  equally  obvious  that  some  power  must  be 
lost  in  depressing  the  paddles,  in  their  descent  into  the 
water,  and  likewise  in  raising  them  out  of  the  water  in  their 
ascent,  when  they  have  to  lift  a  portion  of  water,  called 
the  tail-water.  In  most  of  the  attempts  to  remedy  this 
defect,  the  inventors  have  caused  the  paddles  to  maintain 
a  perpendicular  position,  throughout  the  revolution  of  the 
wheel ;  and  very  different  opinions  have  been  recently  en- 
tertained, with  respect  to  the  angle  at  which  they  ought 
to  enter  the  water.  Mr.  Steenstrup  considers  that  the  pad« 
dies  entering  the  water  should  have  a  certain  obliquity^ 
varying  as  the  paddle  advances  in  its  revolution.    He  ob* 
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serves,  that  as  every  part  of  tlie  periphery  of  the  wheel 
must  describe  a  cycloid,  the  paddles  should  at  every  part 
of  their  revolution  form  tangents  to  that  curve ;  accord* 
ingly  he  has  purposed  four  very  simple  and  ingenious 
modes  of  effecting  this  movement. 

Fig.  I.  in  the  preceding  page,  shews  what  he  deems  the 
simplest  method ;  a  represents  the  paddle-wheel,  b  a  cog- 
wheel bolted  to  the  vessel's  side,  concentric  with  a,  and 
allowing  the  shaft  c  of  the  paddle-wheel  to  revolve  in  its 
centre ;  d  a  cog-wheel,  double  the  diameter  of  6,  revolving 
upon  an  axis  supported  by  the  arms  of  the  paddle-wheel, 
and  gearing  into  fr;  e  the  paddle,  suspended  by  axles  turn- 
ing in  the  rim  of  the  wheel  i  on  each  of  these  axles  is  fixed 
a  chain  wheel/,  and  a  similar  wheel  is  fixed  on  the  axis 
of  the  cog-wheel  d;  ^  is  an  endless  chain,  passing  over  the 
wheels/,  on  the  periphery  of  the  paddle-wheel,  and  under 
the  wheel/,  on  the  axis  of  d;  h  represents  a  water  line. 

It  will  now  be  perceived  that  when  the  paddle-wheel  in 
set  in  motion,  the  toothed  wheel  b  being  fixed,  causes  the 
large-toothed  wheel  <f,  to  revolve  upon  its  own  centre, 
at  the  same  time  that  it  is  carried  round  by  the  paddle- 
wheel,  in  a  manner  similar  to  the  sun  and  planet  wheel, 
in  Watt's  steam  engine.  The  wheel  d,  being  double  the 
diameter  of  6,  will  perform  one  revolution  upon  its  own 
axis^  in  the  same  time  that  it  is  carried  round  once  by  the 
paddle-wheel ;  and  by  means  of  the  endless  chain,  passing 
under  the  small  wheel/,  on  its  axis,  will  cause  each  pad- 
dle to  revolve  once  on  its  axis  in  the  same  time ;  and 
each  paddle  is  constantly  directed  to  the  highest  point  in 
the  rim  of  the  wheel,  which  position  of  the  paddles,  by  a 
diagram  accompanying  the  specification^  the  patentee 
shews  is  nearly  the  required  tangent. 

Fig.  8.  shews  the  other  method ;  instead  of  the  endless 
chain,  a  large-toothed  wheel  is  placed  loose  on  the  axis  of 
the  paddle-wheel ;  this  toothed  wheel  acts  upon  the  wheels 
fixed  on  the  axis  of  the  paddles,  and  is  put  in  motion  by 
an  endless  chain  jjf,  passing  over  a  small  wheel  m,  placed 
on  the  axis  of  d,  and  over  a  similar  wheel  ft,  in  the  axle  of 
one  of  the  paddles.  The  other  parts  being  similar  to  those 
in  fig.  1,  require  no  further  explanation. 
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The  patentee  purposes  in  general,  that  these  wheels 
should  be  immersed  in  the  water  about  one-third  of  the 
diameter,  which  is  considerably  more  than  the  wheels  at 
present  can  be  immersed;  and  thus  the  same  number  of 
paddles  can  be  brought  into  action  as  in  a  wheel  of  larger 
dimensions ;  he  indeed  states,  that  the  wheel  will  work 
well  when  totally  immersed,  and  in  any  position,  oblique, 
horizontal,  or  perpendicular. 

From  recent  experiments  on  the  Thames,  the  fact  of  these 
paddles  working  well  when  totally  immersed,  and  in 
various  position^,  has  been  proved ;  and  this  property  seems 
to  confer  upon  them  a  decided  advantage  in  the  plunging 
of  vessels  in  heavy  seas.  We  fear,  however,  that  notwith- 
standing the  simplicity  of  the  arrangement  by  which  the 
paddles  are  made'to  change  their  position,  the  parts  are 
too  numerous,  and  should  it  happen  that  one  link  be  broken 
(which  is  probable)  ^^  the  whole  chain  is  destroyed.*' 

Patent  Paddle-WheelSj  by  Lieutenant  Skene,  R.N.  of 

Woolwich.    1828. 

This  invention  is  purposed  by  the  patentee  as  an  im- 
provement upon  the  paddle-wheels  of  steam  boats,  and 
also  of  the  common  water-wheels  employed  in  driving 
machinery  on  land.  The  form  and  full  size  of  the  paddles 
are  a  parallelogram,  1  foot  deep,  by  2  feet  wide,  terminated 
by  a  semicircle  of  1  foot  radius.  These  paddles  are  not 
immoveably  fijted,  but  vibrate  on  axes  passing  through 
the  two  opposite  aanular  plates  that  form  the  periphery 
of  the  wheel,  in  order  to  allow  of  their  dipping  into  the 
water  edgeways,  and  thereby  reducing  the  resistance  of 
the  water  to  the  revolution  of  the  wheel.  For  this  purpose, 
the  lower  or  semi-circular  portion  of  each  paddle  is  loaded 
with  metal,  the  superior  gravity  of  which,  to  that  of  the 
upper  portion,  causes  each  paddle  successively,  as  it  enters 
the  water,  to  assume  the  vertical  position  ;  and  to  prevent 
their  turning  over,  a  simple  stop  is  provided  (which  will 
presently  be  explained,)  so  that  the  full  effect  of  the  impel- 
ling power  of  the  engine  may  be  given  to  each  paddle,  at 
the  proper  time.  To  prevent  the  water  from  escaping 
sideways  between  the  arms  of  the  wheel,  n  large  disc  or 
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tircular  plate  is  fixed  against  the  internal  sides  of  the 
wheel,  and  of  such  diameter  as  not  to  come  within  the 
range  of  the  paddles,  as  they  vibrate  on  their  axes. 

The  number  of  paddles  to  each  wheel  is  to  be  regulated 
by  the  diameter  of  the  wheel ;  which  is,  for  every  foot  in 
diameter,  one  paddle;  therefore^  for  a  six-foot  wheel  there 
are  to  be  six  paddles,  which  is  the  number  represented  in 
the  opposite  engravings.  The  patentee  states  that  the 
p{iddles should  never  exceed  two  feet  in  breadth;  but 
vessels  that  require  a  greater  breadth  of  wheel^  should  have 
an  additional  rim  attached  to  the  axis  of  the  wheel,  within 
which  the  additional  series  of  paddles  are  to  be  placed  ; 
but  the  axes  of  this  series  of  paddles  are  not  to  be  in  the 
same  horizontal  lines  as  the  axes  of  the  others,  but  midway 
between  each,  in  order  that  the  paddles  of  each  series  may 
enter  the  water  in  alternate  succession ;  because,  by  such 
arrangement,  the  motion  will  be  rendered  more  equable. 

Fig.  1.  represents  a  side  elevation  of  the  wheel,  with  the 
paddle!!!,  consequently,  viewed  edgeways;  and  fig.  2,  (an- 
nexed,) exhibits  a  single  ptiddle,  flatways,  on  a  larger  scale; 
the  same  letters  of  reference  in  each  figure  indicate  simi- 
lar parts. 

aaa  are  the  arms  of  the  wheel,  revolving  upon  the 
shaft  6 ;  c  is  the  circular  plate,  to  keep  the  water  from 
passing  laterally  ;  d  dd  are  the  paddles,  of  which /y]/*  are 
the  loaded  sides;  bbb^  are  the  axes  of  the  paddles,  the 
dotted  arcs  of  circles,  at  the  extremities  of  the  paddles, 
shew  the  range  of  their  motion,  which  is  arrested  by  the 
stops  «,  that  consist  merely  of  a  prolongation  of  the  upper 
sides  of  the  paddles  striking  against  the  arms,  or  the  inside 
of  the  rims  of  the  wheel.  The  arrows  show  the  direction 
in  which  the  wheel  turns.* 

*  It  is  proper  here  to  notice,  that  Mr.  Skene  ronsidered  his  iDven- 
tion  to  be  misrepresented  by  the  above  description,  which  is  extracted 
from  the  second  volume  of  the  Register  of  Arts  and  Journal  of  Patent 
Inventions,  page  196.  In  an  account  which  appeared  subsequently  in 
the  Mechanic's  Magazine,  communicated  by  the  patentee,  he  states, 
that  the  wheel  in  propelling  is  made  to  revolve  in. the  contrary  direc* 
iion  to  that  which  we  have  represented  it.     The  reader  is,  therefore, 
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FVom  the  preceding  accouht,  Ihe  action  of  these  wheels 
is  too  obvious  to  require  iny  explanation.  We  understand 
that  they  have  been  applied  to  a  steam  boajt  on  the 
Tbaimes,  and  the  experimeiits  made  bare  been  reported  in 
the  newspapers  as  highly  successful ;  but  not  having  been 
present  ourselves,  we  cannot  attest  the  correctness  of  the 
;Statenient,  which  theory  would  lead  us  strongly  to  doubt. 

It  will  be  observed,  that  by  this  arrangement  the  paddles, 
as  they  ascend  out  of  the  water,  are  subjected  to  precisely 
the  same  amount  of  resistance,  as  the  common  wheels 
wherein  the  paddles  are  fixed^  by  having  to  lift  the 
tail  or  back  water;  and  if  the  wheel  be  made  to  revolve 
rapidly,  the  centrifugal  force  will  prevent  the  paddles,  as 
they  descend  into  the  water,  from  assuming  the  vertical 
position,  (as  shown  in  the  drawing,)  consequently  no  ad- 
vantage  will  be  gained.  But  we  will  suppose  the  wheel 
only  revolving  at  a  moderate  rate,  still  the  centrifugal 
force  will,  to  some  extent,  counteract  the  effect  of  the 
loaded  paddle,  and  to  this  must  be  added  the  resistance  of 
the  water  against  the  loaded  part  of  the  paddle  which  first 
strikes  it ;  sufficient,  together,  we  should  imagine,  to  throw 
the  paddles  into  the  radial  position,  and  cause  them  to 
encounter  the  same  resistance  as  in  the  ordinary  wheels. 

In  paddles  of  the  form  delineated,  (fig.  2,)  the  patentee 
states  the  resistance  of  the  water  to  the  upper  and  Jower  ' 
portions  to  be  equal.  In  the  construction  of  water-wheels, 
a  cylinder  of  the  diameter  of  the  discs  occupies  the  space 
between  the  two  rims. 


requested  to  bear  this  circumstance  in  his  mindy  and  consider  which 
of  the  two  modes  of  rerolving  will  produce  the  greatest  effect  in  pro- 
pelling. We  have  stated  in  the  text  the  apparent  defects  of  the  mode 
delineated;  by  the  reverse  mode,  preferred  by  Mr.  Skene,  it  does  not 
appear  to  us  that  he  will  profit  any  thing.  It  is  true  that  he  irill 
avoid  raising  the  back-water,  but  he  hat,  in  consequence,  to  encounter 
tne  disadvantage  of  entering  the  head.water  nearly  horixontally,  and 
the  paddles  lose  their  propelling  effect  immediately  they  get  to  their 
lowest  point,  the  resistance  of  the  water  having  then  «  tendency  to 
turn  the  paddles  round  upon  their  axes.  We  are  supported  in  onr 
▼low  of  the  subject  by  a  statement  appended  to  the  description,  p.  479 
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Since  the  foregoing  was  written,  the  perseverance  of 
the  patentee  in  his  undertaking,  led  to  the  performance  of 
several  public  experiments  on  the  river  Thames,  which, 
from  being  very  erroneously  reported,  and  absurdly  com* 
mented  upon^  in  the  newspapers,  ejiLcited  a  great  deal  of 
public  attention ;  we  have  accordingly  thought  it  right  to 
annex  to  our  description,  some  information  furnished  to 
us  on  this  head,  from  Mr.  James  Murdoch,  (the  mecha- 
nical draftsman  and  civil  engineer,)  on  whose  judgment, 
candour,  and  talent,  we  place  the  greatest  confidence. 

^'  The  experiment  was  made  on  Wednesday,  Nov.  1^ 
18S8,  on  board  the  Sons  of  Commerce,  Gravesend  steamer; 
she  was  fitted  with  two  of  the  patent  wheels,  each  of 
which  had  24  paddles,  ranged  in  three  lows,  the  paddles 
measuring  16  inches  by  16,  and  their  extremities  de- 
scribing a  circle  of  nine  feet  eight  inches  in  diameter;  they 
appeared  to  be  immersed  about  two  feet  six  inches.  Before 
starting  from  Blackwall,  the  paddles  had  been  lashed  to 
the  arms  of  the  wheels^  by  which  means  their  action  was 
the  same  as  that  of  ordinary  paddles;  this  was  done,  ii| 
order  to  show  the  comparative  efiect  of  the  ordinary  pac^ 
dies  with  the  patent  ones ;  and,  on  arriving  in  Woolwich 
Reach,  the  boat,  with  the  paddles  thus  arranged,  wa^ 
made  to  go  ajdistance  of  six  miles,  by  passing  backwards 
and  forwards  three  times,  between  two  posts  on  shore, 
situate  one  mile  apart;  this  distance  was  performed  in 
one  hour,  eight  minutes,  and  thirty  seconds,  the  engine 
doing  forty  strokes  per  minute.  The  stops  on  the  arms  of 
the  paddles  being  then  cut,  the  same  distance  was  per- 
formed by  the  patent  arrangement  in  one  hour  and  ten 
minutes,  the  engine  doing  45  strokes  per  minute;  the  ebb 
tide  was  running  during  the  whole  time,  and  there  was  a 
fresh  breeze,  nearly  right  down  the  Reach,  although  it 
was  rather  less  towards  the  close  of  the  experiment. 

The  baefc«watev  was  excessive  in  both  arrangements, 
and  the'  only  dilFerence  1  could  perceive  was,  that  the 
patent  paddles  threw  the  back-water  right  astern,  whilst 
the  ordinary  arrangement  caused  the  swell  to  extend 
rather  on  the  quarter  of  the  vessel.     The  paddles  in 
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turning  seemed  to  strike  the  arms  and  the  rim  of  the 
wheels  with  great  violence,  causing  an  unpleasant  noisp 
The  vibration  of  (he  vessel  was  certainly  greater  with  the 
patent  paddles,  the  paddle-box  being  in  a  continual 
tremor.  In  respect  to  the  power  of  backing  astern,  in 
which  it  has  been  supposed  they  are  deficient,  we  bad 
occasion  to  back  the  vessel,  and  I  could  perceive  but  Itltle 
ditFerence  in  the  action." 

Mr.  Stevens  has  recently  adopted  a  more  simple  modi- 
fication  of  his  apparatus,  by  having  only  one  paddle  to 
each  throw  of  the  crank,  which  must,  we  think,  increase 
its  strength  and  durability,  and  render  itb  action  more 
uniform. 


Patent  Method  of  PropelUng  Vtuels^  by  William  Bale,  q/ 
Colchester.  )8S8. 

The  object  of  this  patent  is  to  impel  steam  vessels  by 
means  of  a.  stream  of  water  forced  out  astern,  at  a  consi- 
derable depth  below  the  water  line,  and  thus  dispensing 
with  paddle-wheels,  which  are  considered  both  unaiglitly 
and  inconvenient. 

a  is  a  cylinder  closed  at  top,  and  having  a  grating  at 
bottom,  which  serves  to  keep  uut  weeds,  &c.    This  cylio- 
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der  18  firmly  secured  to  tbe  bottom  of  the.  vessel,  so  aa  U 
have  free  communication  with  the  water,  whilst  the  watef 
is  prevented  from  entering  the  ship  or  vessel  by  caulking, 
&c. ;  the  top  of  this  cylinder  must  not  be  above  the  water 
line ;  6  is  a  screw  of  two  or  more  threads,  very  nearly  but 
not  quite  in  contact  with  the  sides  of  the  cylinder,  and 
revolving  upon  a  spindle  in  a  socket  at  c;  d  the  shaft  by 
which  the  screw  is  caused  to  revolve,  driven  by  the  band- 
wheel  e,  and  turning  in  a  8tu£Bng-box  fign,  pipe  leading 
from  the  upper  part  of  the  cylinder,  through  a  hole  in  the 
lower  part  of  the  vessel's  stern ;  h  the  water  line* 

By  causing  the  screw  to  revolve  with  rapidity,  a  stream 
of  water  is  drawn  through  the  cylinder,  and  forced  out 
astern,  through  the  tube  g ;  by  the  resistance  of  the  sur- 
rounding fluid  the  vessel  is  forced  forward.  The  patentee 
also  purposes  to  produce  the  same  effect,  by  substituting 
pumps  for  the  screw,  keeping  the  upper  parts  of  the  pump 
cylinders  below  the  water  line. 

The  inconveniences  attending  paddle-wheels  are  so  nu- 
merous, as  to  render  an  effective  substitute  for  them,  and 
free  from  their  defects,  one  of  the  greatest  desiderata  in 
steam  navigation ;  but  no  method  hitherto  proposed  has 
been  at  all  comparable  to  them  in  point  of  power.  The 
present,  or  very  similar  plans,  have  been  before  frequently 
suggested. 

In  the  commencement  of  steam  navigation,  a  Mr.  Lina- 
ker,  of  Portsmouth,  purposed  to  lay  a  pipe  along  the  bot- 
tom of  the  vessel,  with  valves  opening  towards  the  stem, 
and  to  expel  the  water  by  the  direct  action  of  the  steam, 
as  in  Savery's  engine,  instead  of  employing  pumps ;  and, 
in  1820,  Messrs.  Lilley  and  Frazer  obtained  a  patent  for 
propelling  vessels  by  means  of  pumps,  which  should  re- 
ceive water  at  the  bows  of  a  vessel,  and  discharge  it  on  the 
quarters.  As  for  the  screw,  it  has  been,  as  we  before  ob- 
served, frequently  purposed,  though  not  in  the  position 
chosen  by  the  patentee,  but  placed  horizontally  at  the  side 
of  the  vessel,  where,  from  the  obliquity  with  which  it 
struck  the  water,  sufficient  speed  could  not  be  obtained ; 
but  as  the  present  patentee,  Mr.  Hale,  says  a  pump  may 

21.  3q 
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be  sobetitQted  for  it,  we  osAttdt  expeet  gteater  efifectA 
from  it  tfc&B  fpomthe  plant  beforementioned.  We  there- 
fore apprehend  that  the  preseht  B«>de  of  propelliog  with 
paddles  uinl  still  oonttnuc^  notftitbatanding  their  radical 
defi»cti,  and  vith  mtawwij  Boani  iiaprovemeBts  in  their  con- 
stmctienii 


Patent  Propelling  JfacAtMry,  by  J.  L.  Steventj  of  Ply- 
mouth. 1828. 

In  this  invention^  a  seriea  ef  paddles  are  attached  to  a 
three-throw  etmakt  and  by  meam  of  radios  and  guiding 
ro^,  tiMy  are  made  to  describe  in  the  water  the  segment 
of  an  e^rpse. 

The  figure  repreBenta  a  aide  elentien  af  the  maehinery, 
8B  it  appears  in  a  paddle-box,  fix«l  to  the  «de  of  a  steam 
vessel,  from  wMch  it  occupies  the  same  vpace  aa  would  be 
required  l»y  a  common  wheel  of  proportionate  sise;  n  b 


tbe  oeatre  of  the-ttxis  of  the  orank  c  c  Cytmd  i  iB-ome  of 
its  bearings,  8upported  od  tbe  side  fruaeof  the  paddie* 
box ;  d  d  (represepitedvby  two  dotted  horisoi^al  lineB,)  is 
one  of  tbe  longitadipal  beams  which  support  the  other 
bearings  of  the  saidaxis;  and  the  extremities  of  d  d  are 
transverse  beams  to  support  them.  In  the  paddle-box 
provision  is  made  for  the  oecasional  rise  of  the  rods  g  and 
/,  if  it  be  .not  thought  desirable  to  carry  the  paddle-box 
above  them ;  ^  c  c  are  three  sets  of  paddles,  each*  set  being 
carried  by  a  division  of  the  triple  crank,  which  revolves 
between,  and  has  its  bearings  upon  parallel  bars;  thepad* 
dies  are  directed  in  their  appropriate  motion  by  means  of 
the  guide  rods//^  and  the  radius  rods  g  gg,  the  latter 
of  which  work  on  a  fixed  beam  or  centre  at  h;  ii4  are 
arched  spreaders,  to  keep  the  paddles  steady  and  firm ;  the 
paddles  are  marked  r,  and  are  fixed  to  verticalbars  in  the 
ordinary  way ;  the  upper  ends  of  the  bars  being  inserted 
IP  sockets  cast  in  the  paddle  carriage. 

It  must  be  understood  (for  the  engraving  does  not  show 
it,)  that  each  throw  of  the  crank  revolves  between  two 
parallel  bars,  with  its  bearings  upon  them,  and  carrying 
with  them  a  set  of  paddles.  There  are  thus  four  bearings, 
the  innermost  of  which  is  fixed  to  the  vessel's  side,  and 
the  outer  one  on  the  frame  of  the  paddle-box.  The  cirele 
of  motion  described  by  the  triple  crank  being  equally 
divided  (12(h*  apart)  between  each  throw,  they  balance 
each  other  on  their  general  axis. 

The  inventor  does  not  confine  himself  to  this  precise 
arrangement,  as  it  may  be  deemed  desirable  to  lessen  the 
number  of  paddles  on  each  set,  give  them  greater  depth, 
and  increase  their  stroke  in  the  water,  by  shortening  the 
guiding  bars  /;  by  which  the  weight  and  expense  of  the 
machinery  would  be  greatly  reduced. 

Among  the  advantages  presumed  to  be  obtained  by  this 
very  ingenious  invention  over  the  common  wheel,  the  fol- 
lowing are  mentioned  as  the  most  prominent : — 

The  inventor's  paddles  work  nearly  in  a  vertical  position, 
due  allowance  being  made  for  the  impetus  of  the  vessel,  and 
thereby  save  the  power  that  is  now  consumed  by  the  de- 
scending and  ascending  paddles  on  the  common  wheel. 
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From  the  peculiarity  of  their  motion,  describing  in  the 
water  a  segment  of  an  ellipse,  and  not  that  of  a  cifcle,  his 
paddles  may  be  connderably  deepened,  and  the  length  of 
their  stroke  increased,  so  that,  occupying  an  equal  space 
from  the  vessel's  side  as  the  paddles  on  the  common  wheel, 
their  application  of  power  is  greater  and  in  a  much  better 
direction,  avoiding  much  of  the  unpleasant  vibration,  and 
consequent  wear  and  tear  in  the  vessels  and  engines;  and 
also  the  back-water,  which  is  dangerous  to  boats,  and  has 
hitherto  been  the  chief  obstacle  to  the  introduction  of 
steam  vessels  upon  canals* 

The  patentee  also  calculates  upon  a  great  reduction 
of  friction,  and  consequent  durability  and  comparative 
cheapness;  greater  simplicity  of  construction,  allowing 
of  repair,  unshipping  and  replacing  at  sea,  besides  admit- 
ting of  the  paddles  being  kept  clear  of  the  water,  when 
using  her  sails  only ;  the  machinery  being  easily  taken  to 
pieces,  and  packed  in  a  small  space,  additional  sets  may 
be  conveniently  taken  on  long  voyages;  an  accident 
occurring  to  one  set  (on  either  side,)  it  may  be  disen- 
gaged, and  the  others  worked  until  it  is  made  ready  for 
use. 

That  Captain  Ross,  R.N.  author  of  a  work  recently 
published  on  Steam  Navigation,  entertains  a  favourable 
opinion  of  this  invention,  will  appear  by  the  following 
extract  from  a  letter  addressed  to  the  patentee  by  the 
scientific  navigator. 

^^  I  have  no  hesitation  in  declaring,  that  it  appears  to 
possess  very  considerable  superiority  over  all  the  methods 
which  have  hitherto  been  adopted.  In  theory,  it  is  per- 
fectly accordant  with  philosophical  and  mathematical 
laws,  and  I  have  no  doubt  Ithat  in  practice  it  will  be 
found  no  less  consistent.' ' 

The  advantage  of  placing  so  many  paddles  upon  each 
throw  of  the  crank,  we  cannot  discover;  very  little  addi- 
tional resistance  can  be  gained  by  it,  while  it  introduces 
complexity,  increased  expense,  and  various  inconve- 
niences. The  invention  is  in  other  respects  valuable,  as, 
by  the  mode  of  the  paddles  entering  and  quitting  the 
water  nearly  perpendicularly,  the  power  of  the  engine  is 
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not  wasted  by  the  resistance  of  the  water  in  the  wrong 
direction  to  the  impelling  force. 

Since  the  foregoing  was  prepared  for  the  press,  several 
experiments  have  been  made  with  Mr.  Stevens^s  apparatus, 
on  the  City  Canal,  and  elsewhere,  with  the  most  gratifying 
success;  the  paddles  entering  the  water  in  the  most  gentle 
manner,  and  causing  no  more  ripple  in  leaving  it  than  oars 
would  do;  whilst  a  common  paddle-wheel,  which  had 
been  fixed  to  one  side  of  the  boat,  to  contrast  with  the  im- 
proved paddle,  threw  the  water  over  the  boat's  gunwale. 
The  area  of  the  surfaces  of  both  the  paddles  were  alike, 
yet  the  superior  efiect  obtained  by  the  application  of  the 
power  to  Mr.  Stevens's,  was  proved  by  its  turning  the  ves- 
sel round  when  the  helm  was  let  go,  that  is,  making  the 
external  circle,  and  the  common  paddle  the  internal  one. 

Propelling  Apparatus  for  Steam  Boats,  by  Mr.  Jonathan 
Dickson^  of  Holland  Street,  Blackfriars. 

A  few  years  ago,  the  above-mentioned  person  intro- 
duced to  the  notice  of  the  Society  of  Arts,  a  method  of 
raising  and  lowering  the  propelling  apparatus  of  steam 
boats,  without  stopping  the  engine  or  any  part  of  the 
machinery,  and  thereby  allowing  them  to  enter  at  plea- 
sure just  so  deep  into  the  water  as  may  be  found  necessary 
for  propelling  the  vessel  at  its  intended  velocity.  This 
he  accomplished  by  means  of  a  sun  and  planet  wheel  mo- 
tion being  given  to  the  second  motion  of  the  machinery, 
which  causes  it  to  move  partly  round  the  first  motion,  or 
driving  power. 

It  was  considered  that  this  contrivance  would  be  found 
of  great  utility  in  those  steam  vessels  that  carried  sails, 
and  afford  to  such  the  means  of  going  to  sea;  for  instance, 
suppose  a  steam  vessel  to  be  going  direct  against  the  wind 
by  means  of  the  whole  power  of  her  steam  engine,  and 
that  the  wind  should  change  and  become  favourable,  the 
propellers  may  by  these  means  be  immediately  raised  out 
of  the  water,  and  the  vessel  allowed  to  have  the  full  effect 
of  the  sails,  thereby  saving  the  expense  of  fuel.  The  im- 
pediment of  the  paddle-wheels,  to  vessels  of  the  ordioarv 
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coosfruction,  is  such  as  to  render  sails  rather  an  incuiB* 
braace  than  an  appendage  of  utility.  Another  advaatagc 
appeared  to  result  from  Mr.  Dickson's  invention,  when 
there  might  be  only  a  gentle  breeze  in  the  vessel's  favour, 
as  the  propellers  might  be  set  to  work  so  as  to  take  holil 
of  the  water  at  pleasure ;  and  thus,  by  uniting  the  power 


of  the  wind  to  that  of  the  steaio,  make  gneater  progreiB  id 
a  given  time,  and  at  much  less  expenae,  ^'the.ehgine  will 
only  consnme  fuel  in  proportion  to  the  labour  it  haa  to 
perform.  A  farther  advantage  wonld  be  derived  Wfien 
the  vessel  has  only  a  side-wind,  as  one  of  the  projpdUing 
wheels  could  be  worked  with  its  full  power  in  the  .watery 
and  the  other  lifted  out,  if  necessary,  (still  the  whol^ 
might  be  kept  in  motion,  and  thereby  the  direct  course  of 
the  vessel  be  maintained) ;  and  if  a  vessel  should  lose  her 
rudder,  it  is  obvious  she  might  be  steered  by  the  varied 
action  of  her  paddle-wheels.  In  navfgation,  critical  cir« 
cumstances  sometimes  arise,  wherein  a  sudden  tack  will 
save  a  vessel  from  destruction,  whicli  this  vessel  seems  Well 
calculated  to  perform,  as  she  could  be  made  to  turn  nearly 
upon  the  centre  of  gravity. 

The  figure  represents  a  transverse  section  of  the  boat; 
I  1  the  sides  of  the  vessel ;  2  2  the  fioat-wheels,  impelled 
by  the  engine  acting  on  their  shafts  A  B,  which  have 
upon  each  a  toothed  wheel,  that  acts  upon  other  toothed 
wheels  fixed  on  the  axis  of  the  float-wheels. 

Each  float-wheel  is  hung  on  a  pair  of  levers  3  3,  turn* 
ing  on  centres  that  are  coincident  with  the  axis  of  the 
first-mentioned  toothed  wheels;  so  that,  although  the 
levers  are  elevated  at  one  end,  and  with  them  the  float* 
wheels,  yet  the  relative  distances  of  the  two  toothed 
wheels  are  preserved ;  the  one  having .  what  is  called  a 
planetary  motion  round  the  other.  ^  The  left-hand  float* 
wheel  in  the  figure  is  shown  dipping  into  the  water,  while 
that  on  the  right  hand  is  lifted  out  of  it,  by  the  action  of 
the  winch  e,  which  communicates  motion  through  two 
small  wheels  and  pinions  to  the  barrel  4  4,  on  which  are 
coiled  the  chains  attached  toHhe  ends  of  the  levers  3  3. 

Propelling  App&raiuSj  by  'John"  M^briUey  Esq*  ^f  Upper 

Harley  Strtei^.    1829. 

These  improvements  are  intended  to  apply  to  the  pro* 
pelling  of  vessels  by  steam  or  other  power,  in  a  direct 
line,  in  such  a  manner  that  the  propelling  apparatus  shall 
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be  little  or  no  impedimeot  to  the  progrees  of  the  venel 
when  ODder  sail;  thereby  obtaJoing  the  advastagea  at 
motion,  either  by  tbe  use  of  sails  or  steam  pover. 

The  patentee  has  three  methods  of  effecting  this  objei^t, 
which  he  purposes  to  use  jointly  in  pairs,  or  oeverally,  as 
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circumstances,  connected  with  the  size,  form,  and  stowage 
of  the  vessel,  may  render  most  advantageous. 

The  method  which  he  first  describes,  and  therefore  de« 
nominates  his  first  method,  consists  in  placing  on  each  bide 
of  the  vessel  two  pair  of  folding  paddles,  represented  by 
a  a,  fig.  1 ;  the  other  two  pairs  being  precisely  similar, 
but  situated  on  the  farther  side  of  the  vessel.  These 
folding  paddles  are  made  of  any  suitable,  material, 
metal  or  wood,  and  of  a  si^e  proportionate  to  the  size 
and  required  speed  of  the  vessel.  The  paddles  are  so 
attached  by  hinged  joints  to  the  prolonged  axes,  e,  of  the 
traversing  frames,  that  theyfold  or  shut  up,  and  present 
only  the  sharp  edges  of  their  hinges  to  the  water,  when 
moving  forward,  or  from  stern  to  stem ;  and  open,  or  ex- 
pose a  large  surface  to  the  water  when  moving  back- 
wards, or  from  stem  to  stern;  being  prevented  by  the 
stops  from  expanding  beyond  any  assigned  angle,  as  145^ 
The  traversing  frames  are  keot  to  the  side  of  the  vessel 
by  grooved  guides  g  h.  These  paddle  frames  are  furnished 
with  friction  rollers  i  t,  at  their  ends,  and  at  their  mid- 
dles, to  keep  them  steady,  and  to  facilitate  their  motion 
in  the  guides.  The  upper  parts  of  the  paddle  frames  con- 
sist of  racks,  which  are  acted  upon  by  the  toothed  wheels 
shown,  the  axes  of  which  pass  through  the  vessel,  and 
terminate  in  similar  wheels,  which  act  upon  traversing 
racks  on  the  opposite  side  of  the  vessel.  To  the  piston 
rod  of  the  steam  engine,  whose  cylinder  (which  may  he 
either  situated  above  or  below  the  plane  of  the  axes)  iif 
placed  in  a  position  somewhat  inclined,  as  represented  by 
dots,  is  attached  a  rod  which  passes  under  a  pinion  on  the 
axis  of  one  pair  of  the  wheels,  and  over  a  pinion  on  the 
axis  of  the  other  pair,  of  wheels,  and  vice  versa.  Tht 
parts  of  the  rod  passing  under  the  one  and  over  the  other 
of  these  pinions,  and  thus,  by  the  alternating  motion  of 
the  piston  of  the  engine,  cause  one  pair  of  the  paddles  to 
move  forwards^  while  the  other  pair  are  moving  backwards, 
by  which  one  pair  of  the  paddles  on  each  side  are  kept  con* 
tinually  in  action.  The  paddle  stems  or  axes  are  attached 
by  stop  hinges  to  the  upper  part  of  the  paddle  frameS| 

21.  3r 
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and  to  the  lower  part  by  screw  bolts,  to  fix  them  when  in 
use ;  by  this  arrangement,  the  paddles  can  be  unshipped, 
and  removed  from  the  side  of  the  vessel,  whenever  the 
state  of  the  wind  renders  their  application  unnecessary. 

The  second  method  consists  in  attaching  similar  folding 
paddles  to  the  ends  of  two  or  more  rods  projecting 
through  stuffing-boxes,  under  the  water  line,  in  the  stern 
of  the  vessel.  These  projecting  rods,  represented  by  k  /, 
fig.  S,  made  of  metal,  and  turned  cylindrical ly,  are  con« 
nected  with  the  piston  of  a  steam  engine,  through  racks 
and  pinions,  in  a  manner  similar  to  the  connexion  of  the 
paddle  frames  before  described.  The  intention  of  the 
wheel  and  pinion,  the  former  acting  on  the  racks  con^ 
nected  with  the  projecting  rods,  and  the  latter  being 
acted  upon  by  the  rack  connected  with  the  engine  piston, 
becomes  necessary  to  obtain  a  greater  velocity  in  the  pad- 
dle than  could  be  given  to  the  piston  of  a  steam  ei|gine* 
The  projecting  rods  have  rule  joints  at  the  extremities 
nearest  the  vessel.  When  one  of  the  screw  bolts  is  with- 
drawn, and  the  rods  being  detached  from  the  rack,  then 
pushed  out  beyond  the  usual  extent,  and  the  end  to  which 
the  paddle  is  attached  elevated  to  admit  of  the  paddle 
being  easily  detached,  the  rod  is  to  be  let  down  and  with- 
drawn, till  it  is  all  within  the  vessel,  except  its  end,  which 
must  be  left  in  the  hole  or  stuffing  box,  to  prevent  leak- 
age ;  so  that  with  this  application  there  need  be  no  ex- 
terior appendages,  except  when  the  paddles  are  in  action. 
Fig.  3,  is  explanatory  of  this  operation. 

The  third  method  consists  in  employing  a  double-acting 
pump,  represented  by  a  6,  fig.  4,  which  receives  the  water 
by  the  supply  pipes  c  d,  furnished  with  valves  t;  v,  opening 
inwards,  and  conveyed  through  the  pipes  t  jfc,  to  the  air 
vessel  A,  where  the  valves  t;  t;,  prevent  its  return;  and  it  is 
then  discharged,  with  increased  velocity,  through  the 
eduction  pipes  fg^  whose  apertures  at  the  stern  of  the 
vessel  are  diminished  in  proportion  to  the  velocity  re- 
quired, and  have  the  form  best  adapted  for  the  discharge 
of  fluids. 

The  piston  rod  of  the  pump,  which  passes  through  a 
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stuffing-box  at  each  end  of  the  cylinder,  is  connected  with 
the  piston  rod  of  the  steam  engine,  the  cylinder  of  which 
is  in  a  position  parallel  with  that  of  the  pumps.  Supposing 
the  pump  piston  moving  in  the  direction  from  a  to  ft,  the 
water  will  be  received  into  the  cylinder  through  the  sup- 
ply pipe  Cy  and  the  water,  which  had  been  previously 
admitted  into  the  cylinder  through  the  pipe  d,  is  forced 
through  the  pipe  k  into  the  air  vessel,  and  thence  through 
the  eduction  pipes. 

The  patentee  states,  that  being  aware  that  attempts 
had  been  made  by  others  to  apply  folding  paddles,  as  well 
as  the  issue  of  water  through  pipes,  he  does  not  claim  the 
exclusive  use  of  these  means,  but  simply  his  improvements 
in  the  employment  of  them,  which  we  have  described. 

Propelling  Paddles^  by  Orlando  H.  Williams^  of  Glouces' 

ter.    1829. 

• 

This  inventor  appears  to  have  two  objects  in  view : — 
first,  to  have  the  means  of  increasing  or  diminishing  the 
surface  of  the  paddles,  according  to  the  depth  of  the  ves- 
sel in  the  water;  and,  secondly,  to  have  the  means  of 
making  them  enter  and  leave  the  water  edgeways.  The 
first  of  these  objects  he  purposes  to  accomplish  by  the  ap- 
plication of  the  introduction  of  double  leaves  to  the  pad- 
dles, which  are  attached  by  bolts  to  projecting  arms  or 
radii  from  the  paddle-wheel,  so  that  one  of  the  leaves  may 
be  shifted  beyond  the  other,  when  more  surface  is  re- 
quire;  and  the  second,  by  causing  the  paddle  arms, 
through  the  medium  of  cams  fixed  upon  them,  and  acting 
on  projections  fixed  on  the  side  of  the  vessel,  to  turn  so 
that  their  broad  surfaces  may  in  succession  be  made  to  act 
on  the  water,  when  completely  immersed  in  it,  or  during 
about  one-sixth  part  of  their  revolution. 

Propelling  PaddleSy  by  Archibald  Robinson,  of  Liverpool. 

1829. 

Tliis  arrangement  consists  in  placing  the  floats  on  the 
paddle-wheels,  so  that  they  may  make,  yi\iih  the  plane  in 
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which  the  wheel  turnsi  an  angle,  varying  froin  40  to  70 
degrees,  according  to  the  extent  of  the  paddle  surface 
required;  but  it  is  preferred,  under  ordinary  circum* 
stances,  to  place  them  at  an  angle  of  45  degrees.  The 
exterior  edge  of  the  vanes  slope  back,  or  towards  the 
stern  of  the  vessel  on  each  side ;  and  thus,  though  they  act 
upon  the  water  obliquely,  the  oblique  action  of  the  one 
will  counteract,  that  of  the  other,  and  their  united  ten« 
dency  will  be  to  propel  the  vessel  right  a-head.  Mr.  Ro- 
binson considers,  that  by  this  arrangement  he  will  obviate 
the.  inconvenience  and  waste  of  power  arising  from  the 
violent  action  of  paddle-wheels  of  the  usual  construction. 
The  same  inventor  claims  in  his  specification,  an  im- 
proved method  of  raising  and  lowering,  at  pleasure,  the 
paddle-wheels  in  the  water,  which  he  purposes  to  accom- 
plish by  attaching  them  to  frames,  whose  ends  are  sup* 
ported  by  chains  passing  over  pulleys,  and  supported  by 
counterpoises,  so  that  the  paddle-wheels,  which  are  turned 
by  spur-wheels  fixed  on  the  main  axis,  taking  into  similar 
spur-wheels  fixed  on  their  own  axis,  may  be  raised  or 
lowered  with  any  power  sufficient  to  overcome  the 
friction. 

Propelling  Apparatus^  by  Francis  Neale,  of  Gloucester. 

1829. 

Mr.  Neale  proposes  the  application  of  hinged  paddles, 
attached  to  a  reciprocating  frame,  so  as  to  fold  upwards^ 
or  assume  a  horizontal  position  when  moving  forwards, 
aiid  fold  down  or  assume  a  vertical  position,  by  which 
their  flat  surfaces  act  upon  the  water  when  moving  back- 
wards. The  frame  is  made  to  traverse  by  a  crank,  acting 
upon  a  system  of  levers,  similar  to  that  called  the  lazy- 
tongs,  with  the  addition  of  stays,  on  the  principle  of  the 
radius  rods  of  the  series  of  levers  used  to  produce  parallel 
motion  in  the  pistons  of  steam  engines. 

The  foregoing  patent  has  a  great  similarity  to  a  sug- 
gestion by  an  anonymous  correspondent,  inserted  pre- 
viously, in  the  ^Journal  of  Patent  Inventions,  No.  63« 
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Tiie  foUowinjr  cut  will  serve,  to  a    degree,  to  illii** 
trale  both. 


The  writer  states  that  he  was  led  to  devise  tins  mode  of 
propelling,  by  observing  the  powerTul  action  of  a  fish's 
tail ;  it  is  thus  described : — 

"  The  piston  of  the  engine  being  attached  to  the  rod  A, 
will  alternately  open  and  shut  a  series  of  sliding  sub- 
marine fins  or  fans,  which  may  be  variously  constructed, 
and  placed  either  at  the  sides,  or  bow  and  stern  of  a  ves- 
sel, keeping  up  a  constant  pressure  upon  the  water,  and  a 
conse^iuent  motion  of  the  vessel  forward,  without  back* 
water  or  splashing." 

Patent  Propelling  Apparatus,  by  Mr.  E.  Galloway.  1829. 

The  proposed  improvement  we  have  now  to  describe  is 
an  invention  of  the  author  of  the  first  part  of  this  work. 
The  object  of  it  is  similar  to  most  of  its  precursors,— that 
of  providing  a  remedy  for  the  loss  of  power,  and  other 
inconveniences  arising  from  the  oblique  position  in  which 
the  float-boards  of  the  common  paddle-wheels  enter  and 
leave  the  water.  This  he  purposes  to  effect  by  causing 
each  float-board  to  turn,  or  rather  vibrate  on  an  axis,  at 
its  edge,  next  the  centre  of  the  paddle-wheel,  through  the 
medium  of  projecting  levers,  firmly  fixed  to  the  float- 
boards,  at  their  axis  of  motion,  and  connecting  cods  pro- 
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eeeding  from  (he  extremities  of  these  lerera,  to  the  extre- 
mity of  a  fixed  crank,  adjustable  at  a  i^iven  distance  froni 
the  centre  of  motion  of  the  paddle-wheel,  which  consists 
of  four  radiating  arms,  connected  at  their  extremiltea  by 
strengthening  braces. 

The  annexed  engraving  will  aiTord  an  idea  of  the  lead- 
ing features  of  the  apparatus;  but  tre  understand  it  differs, 
in  some  respects,  from  that  actually  employed  by  Mr. 
Galloway  in  the  Confiance,  Government  Steam  Boat, 
which  is  now  being  fitted  with  paddles  on  this  principle. 


b  b  represent  four  arms  radiating  from  a  central  axis,  (be 
entiemities  of  which  e  e,  are  connected  by  bracing  rods  from 
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one  to  tlie  other ;  c  c,  are  the  paddles,  firmly  fixeo  to  which 
are  the  levers,  dd,  forming  angles  of  about  120  degrees 
with  each  other,  and  turning  together  on  axes  at  ee  ;  /, 
represents  the  water  line  ;  g  is  the  crank,  fixed  centrally 
to  the  axis  of  the  wheel,  but  so  as  not  to  revolve  with  it; 
this  crank  is  alterable  at  pleasure,  by  means  of  a  set  screw, 
which  causes  the  paddles,  through  the  medium  of  the  con- 
necting rods  t  i  t,  to  take  such  an  angle  with  the  water 
line,  as  may  be  deemed  most  desirable  for  propelling ;  the 
rods  t,  however,  are  connected  to  a  revolving  collar  on 
the  crank,  which  allows  of  their  free  rotary  motion,  while  it 
draws  the  paddles  uniformly  into  the  positions  shewn  in 
the  engraving,  when  the  arm  of  the  crank  is  set  in  a  hori- 
zontal position,  as  represented.  The  dotted  lines  shew 
the  position  the  paddles  assume  in  the  intermediate  parts 
of  their  revolution,  or  the  relative  position  they  would 
take,  if  there  were  eight  paddles  attached  to  the  wheel. 

Poole's  Patent  Steam  Boat  Paddles.  1829. 

Owing  to  the  great  surge  occasioned  by  the  action  of  the 
common  paddle-wheels,  the  application  of  steam  power, 
for  propelling  boats  on  canals  and  narrow  rivers,  has 
hitherto  generally  failed  of  success.  On  the  river  Witham, 
in  Lincolnshire,  however,  three  steam  boats  are  worked 
by  Mr.  Poolers  paddle-wheels,  with  great  advantage  ;  as 
the  action  of  the  paddles  is  such,  as  to  cause  no  sensible 
additional  swell  of  the  water,  beyond  that  produced  by 
sailing  boats,  at  the  same  speed,  ^the  following  descrip- 
tion of  the  apparatus  is  extracted  from  a  letter  received 
by  the  author,  from  Mr.  Merry  weather,  of  Lincoln  Castle. 

^'  The  wheel  is  a  common  one,  to  be  suited  to  the  size 
of  the  vessel  it  may  be  designed  for,  except  that  the  float 
or  paddle  is  not  fixed  to  the  radii,  but  vibrates  on  its  axis 
in  the  rims  of  the  wheel.  On  the  side  of  the  vessel  is 
placed,  very  securelyij  two  concentric  circles  of  iron,  placed 
vertically  edgeways,  with  a  sptoce  of  about  one  inch  and 
a  half  between  them,  forming  thereby  what  may  be  cal- 
led a  rail-road,  on  the  side  of  the  vessel  for  a  guide-pin, 
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fixed  on  the  end  of  a  lever,  attached  to  the  paddle  axle  to 
travel  in.  The  concentric  circles  before  mentioned,  are 
placed  eccentric  to  the  axle  of  the  wheel,  and  the  paddles 
are  thereby  carried  round,  so  as  to  enter  and  leave  the 
water  in  such  angles  as  to  avoid  the  splash  at  entering, 
and  the  lift  at  coming  out.  This  wheel  allows  advan- 
tageously of  a  deeper  immersion  in  the  water  than  the 
radial  paddle,  obtaining  a  greater  power  by  being  brought  to 
a  leverage  on  a  denser  medium  than  the  surface  water,  and 
thereby  adding  most  materially  to  the  propelling  power 
of  the  wheel ;  it  is  equally  efficacious  in  its  back  stroke. 
It  should  seem,  however,  that  one-third  of  the  diameter 
of  the  wheel,  from  present  experience,  is  the  best  dip,  and 
as  this  may  allow  of  the  lowering  of  the  main  axle,  and 
probably  the  reducing  of  the  wheel,  in  consequence  of 
the  greater  extent  of  paddle  surface  that  can  be  em- 
ployed, the  paddle  boxes  may  be  considerably  lowered. 
The  angle  formed  by  Mr.  Poolers  arrangement,  we  know 
has  been  obtained  before  by  Mr.  Steenstrups,  Mr.  Old- 
ham, and  others ;  but  it  has  hitherto  been  the  result  of 
intricate  trains  of  wheels,  endless  chains,  See,  &c. ;  the 
expense  of  making  which,  the  loss  by  friction,  the  liability 
to  injury,  and  the  difficulty  of  reparation  in  complex  ma- 
chinery, are  very  sufficient  reasons  why  their  inventions 
have  not  been  carried  into  practice.  The  same  beneficial 
angle,  however,  is  got  by  Mr«  Poole's  eccentric  rail-road, 
and  is  obtained  by  a  mere  lever  connecting  the  paddle 
axis  and  the  rail-road,  which  is  traversed,  as  the  wheel  is 
driven  round  by  a  guide  pin,  at  right  angles  to  the  end  of 
the  lever;  and  to  prevent  the  noise,  which  was  found  to 
proceed  from  friction  wheels,  pieces  of  thick  sole  leather, 
cut  round,  with  a  hole  in  the  centre,  are  kept  upon  the 
guide  pin,  and  screwed  together  upon  it,  so  ti^ht  and 
hard,  as  to  bear  the  friction  of  the  rail-road  circles,  witli«- 
out  injury,  for  a  great  length  of  time,  and  which  quickly 
assume  a  hardness  and  polish  with  use,  that  will  almost 
defy  wear.  This  is  a  subject  in  which  I  am  much  in- 
terested, being  one  of  the  Committee  of  Management  of 
the  River  Witham,  who  are  most  anxious  to  give  every 
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facility  in  their  power  to  steam  vessels  navigating  the 
Witham,  though  they  are  compelled,  from  the  present 
structure  of  the  vessels,  to  limit  the  rate  of  speed  to  4| 
miles  per  hour,  in  the  first  nine  miles  from  Liincoln,  for 
fear  of  injury  to  the  banks,  in  consequence  of  the  reduced 
scale  of  that  part  of  the  river. 


Description  of  Steam  Vessels  navigating  the  River  fVitham^* 


Names  of  Packets, 
and  when  Poole*« 
new  wheels  were 
attached  thereto 
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a  b  c  d  e  f  as  shown  in  the  engraving  m  the  subse- 
quent page,  are  the  paddles,  which  turnro4ind  upoB  their 
axes  as  the  large  wheel,  to  which  they  are  applied,  re* 
volves.  h  hh  hh  h,  are.  tie  rods  to  the4we'8ides  of  the 
wheel,  t  i  i  t,  are  the  concentric  rings,  with  ai)  opening 
or  groove  between  them,  which  forms  the  path  Ot^  railway 
for  the  cranked  arms,  k  k  k,  to  travel  in.  The  centre  of 
the  guide  rings  or  railway  being  eccentric  to  that  of  the 
wheel,  causes  the  paddles  to  assume  the  positiot^s  repre- 


*  The  average  speed  in  the  above  Table  must  not  be  looked 
upon  as  what  only  can  be  accomplishrd,  the  limit  of  speeH^  before 
mentioned,  being  the  occasion  of  it.  In  the  tower.  p«rt  of  the  river, 
where  the  width  it  from  90  to  100  feet  u  surface^  amd  «eve9  to  ten 
feet  deep,  the  C^unteu  of  Warwick  can  go  eighi  rnilM  per  hour  well, 
an  still  water.  The  WitJtam,  when  put  down  by  loading  tp  fonr  feet« 
which  she  has  been,  goes  surprisingly  better  j  thereby  showing  tlie 
advantage  derived  by  a  deeper  leverage.  The  consumption  of  coals 
stated,  is  in  going  down  to  Boston  one  day,  and  returning  the  h€xi, 

22.  Ss 
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sented,  which  are  found  to  be  best  adapted  to  the  motioD 
of  the  vessel.  The  paddle  c,  is  supposed  to  be  just  dip* 
ping  into  the  water,  while  d  is  deeply  immersed,  and  e  is 
just  emerging  from  the  water. 

Fig.  2,  gives  an  underside  perspective  view  of  a  paddle 
separately,  k  being  the  cranked  arm,  connected  at  one  end 
to  the  axis  o,  and  at  the  other  to  the  anti-friction  roller 
before  mentioned,  which  travels  in  the  groove  of  the 
railway. 

Patent  Propelling  Apparatus,  by  Mr.  Jacob  Perkins.  1839. 

On  the  same  day  as  the  last- described  invention  was 
enrolled,  Mr.  Perkins  deposited  his  specification  of  the 
following  mode  of  propelling,  which  is  materially  different 
from  ell  others  that  have  preceded  it.  Mr.  Perkins  places 
each  of  his  paddles  on  the  extremity  of  a  radiating  arm, 
in  such  a  position  that  its  plane,  if  produced  .towards  the 
centre  of  motion,  would  make  with  the  axis  of  the  paddle* 
wheel  an  angle  of  45  degrees.     The  axes  of  the  paddle* 
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wheels  are  not  carried  across  the  vessel  in  the  customary 
manner,  but  are  carried  in  a  direction  sloping  towards  th^ 
stern,  and  they  meet  at  a  point  in  a  straight  line,  drawn 
from  stem  to  stern  along  the  middle  of  the  vessel,  making 
with  it  an  angle  of  45  degrees,  and  with  each  other  an 
angle  of  90  degrees.  On  the  extremities  of  the  axes  are 
fixed  bevel-wheels,  which  act  upon  each  other,  or  are 
both  acted  upon  by  an  intermediate  bevel-'wheel  in  con- 
nexion with  the  steam  engine,  or  first  mover. 

By  this  arrangement,  the  surface  of  each  paddle,  when 
immersed  in  the  water  at  its  greatest  depth,  is  perpendi- 
cular to  the  side  of  the  vessel,  or  to  the  line  of  motion,  as 
represented  at  c,  fig.  1,  in  the  annexed  cut;  at  their 
greatest  elevation,  each  paddle  is  parallel  to  the  line  of 
motion,  as  at  e;  and,  when  in  the  horizontal  position, 
whether  ascending  or  descending,  the  paddles  present  an 
angle  of  about  45  degrees;  and  from  this  angle  it  de- 
viates but  little,  when  in  the  act  of  entering  or  leaving  the 
water,  as  the  patentee  purposes  to  immerse  the  wheel  to 
about  one-fourth  of  its  diameter. 


The  diagram  fig.  2,  is  intended  to  represent  the  outline 
(in  plan)  of  a  vessel  with  these  paddles  attached,     a  the 
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boat;  b  h  the  peddle  axles,  to  which  a  uniform  motion 
is  given  by  the  engine,  through  the  medium  of  the  bevel 
gear  whidi  connects  them ;  c  c  are  two  of  the  paddles  im- 
mersed  in  the  water,  and  in  the  act  of  propelling;  d  df,  e  e, 
and//^  are  those  paddles  which  succeed  each  other  in  the 
revolution.  The  oblique  action  of  the  blades  of  the  pad- 
dies,  as  they  perform  their  revolutions,  will  be  understood 
by  reference  to  fig.  I,  before  explained,  wherein  the  pad- 
dles are  marked  by  the  same  letters  as  in  fig.  2,  to  which, 
therefore,  the  observations  already  made  will  apply. 

By  this  method  of  causing  the  paddles  to  enter  and 
leave  the  water  in  an  oblique  position,  it  is  presumed 
that  the  agitation  of  the  water  will  be  very  slight,  and 
the  consequent  loss  of  power  proportionally  trifling;  and 
it  will  readily  be  admitted,  that -paddles  of  this  construc- 
tion' have  the  important  advantage »  of  being  equally 
simple,  a  circomstance  which  will  render  them  as 
durable,  as  those  of  the  ordinary  construction.  On  the 
other  hand,  it  has  been  contended,  that  a  considerable 
portion  of  the  power  em|rfoyed,  is  wasted  by  the  ob- 
lique position  in  which  the  paddles  are  made  to  revolve; 
on  the  ground,  that  if  this  obliquity  ^^  were  carried  to  the 
extreme,  (and  there  can  be  no  maximum  of  effect  obtain- 
able by  limiting  it  to  45,  or  any  other  number  of  degrees,) 
it  would  entirely  prevent  the  agitation  of  the  water,  at 
the  very  moment  when  the  motion  of  the  wheels  would 
entirely  cease  to  have  any  effect  in  propelling  the  vessel." 

The  writer  of  this  remark  does  not  appear,  however,  to 
have  taken  into  his  consideration,  that  by  the  diminished 
resistance  of  the  water,  owing  to  the  oblique  action  of 
the  paddles,  they  will  rotate  quicker;  the  loss  or  gain 
will  then  be  as  the  increased  friction  of  the  latter,  is  to 
the  waste  of  effect  by  the  radial  position  of  the  common 
paddles.  We  annex  an  account  of  some  experiments 
made  with  Mr.  Perkins's  paddles,  recently  published  in 
the  Journal  of  the  Franklin  Institute,  which,  if  correct, 
exhibits  the  invention  in  an  important  point  of  view. 

**  Those  who  have  witnessed  the  Chinese  method  of  scul- 
ling* must  be  strongly  'mpressed  with  the  superioritv  o^ 
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that  over  the  European  application  of  the  oar.  The 
action  of  Mr.  Perkins's  wheel  is  not  unlike  that  of  the 
Chinese  scull;  in  fact,  the  only  difference  is,  that  the 
motion  of  the  scull  is  reciprocating,  that  of  the  paddle- 
wheel  in  question,  rotary ;  the  rotary  motion  being  clearly 
preferable,  inasmuch  as  the  frequent  change  of  motion  in 
the  scull,  is  so  much  waste  of  power. 

'<  Comparative  experiments  with  the  common  and  with 
the  newly-invented  wheel  alternately  used  in  the  same 
boat,  have  shown,  that,  even  at  a  shallow  dip,  the  most 
appropriate  to  the  common  wheel,  there  is  a  very  impor- 
tant gain  with  the  wheel  of  Perkins.  But  when,  the 
wheels  are  each  of  .them  immersed  to  one-third  of  their 
diameter,  (perhaps  an  average  dip  for  sea-going  vessels,) 
the  advantage  attending  this  newly-invented  wheel  is 
scarcely  credible. 

'^  The  experiments  alluded  to  were  made  in  the  pre- 
sence of  an  eminent  engineer,  and  were  as  follows : — a 
boat  was  propelled  by  a  weight  falling  a  certain  distance^ 
attached  to  a  line  turning  an  endless  band^  running  over 
a  pulley  fixed  on  a  shaft  connecting  the  paddle-wheels. 
Two  sets  of  paddle-wheels,  one  on  the  common,  the  other 
on  Perkins's  principle,  were  put  in  succession  into  the 
boat.  The  two  sets  of  wheels  were  nearly  of  the  same 
weight,  any  little  advantage  in  this  respect  being  in  fa- 
vour of  the  common  wheel.  The  boat  moved  round  a 
basin  of  water  measuring  within  36  feet. 

"  Old  Paddhs. 
"  1st  Experiment     6    rotations    216  feet    ra  d'.lO' 
2d        do.  6)    do.  207  3.40 


m                   428  7.20 

"  New  Paddles, 

«  1st  Experiment    15}  rotations    667  feet  in  8M6" 

2d         do.              15       do.            640  8.26 


*       80}  1107  16.41 

*^  In  these  experiments,  the  weight  supplied  the  force 
of  steam.     They  show  that  the  same  quantity  of  steam 
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steam  will  propel  a  boat  with  Perkins's  paddles  1107  fed 
in  l&AVy  which  with  the  common  paddles  moved  only 
423  feet  in  7' .20'.  The  saving  in  fuel,  therefore,  appears 
to  be  upwards  of  three  in  five ;  21  If  being  the  moiety  of 
423,  and  211  and  a  fraction  being  the  fifth  of  1 107.  Over 
and  above  the  saving  in  fuel,  these  experiments  show  an 
increased  speed  of  about  15  per  cent,  or  a  saving  in  time 
of  nine  minutes  in  an  hour.  For  16.41 '  :  1107  ::  T.20"= 
486,  a  gain  of  63  feet  on  423. 

"  Facts  are  stubborn  things,  opposed  as  they  may  be  to 
the  theories  of  men  of  acknowledged  ability.  It  has  been 
asserted  by  certain  eminent  engineers,  that  the  common 
wheel  admits  of  but  little  improvement.  If  it  cannot  be 
demonstrated  that  much  power  is  lost  by  the  common 
wheel,  then  would  those  engineers  be  borne  out  in  their 
dictum.  But  recent  experiments,  in  England  and  Ame- 
rica, prove  the  loss  of  power  with  the  common  wheel  to 
be  very  much  greater  than  had  hitherto  been  imagined. 
If  the  loss  were  trifling,  could  a  single  horse,  on  a  towing 
path,  do  the  work  of  a  six  horse  engine  in  the  boat? 
Could  two  horses,  attached  to  the  hawser  of  a  boat  moved 
by  a  25  horse  power  engine,  neutralise  the  power  of  the 
engine,  stay  the  progress  of  the  boat,  and  occasionally 
give  her  stern  way?     These  facts,  however,  are  well 

authenticated. 

"  Engineers,  who  believe  in  the  perfection  of  propel- 
ling machinery  on  the  old  plan,  exulting  reply  to  these 
facts,  by  making  abstract  inquiries ;  such  as,  whether  a 
vessel  can  move  as  fast  as  the  periphery  of  the  wheel  by 
which  she  is  propelled  ?— whether,  if  a  boat  move  four- 
fifths  as  fast  as  the  periphery  of  the  wheel,  it  is  not  consi- 
dered fair  speed?— and  then  jump  to  the  conclusion,  that 
the  whole  loss  of  power  cannot  exceed  one-fifth,  and  that, 
allowing  for  friction,  it  is  absurd  to  expect  to  save  much 
of  that  small  proportion  by  any  improvement.  That  this 
conclusion  is  premature,  the  following  remarks  are  in- 
tended to  prove. 

"  Let  it  be  supposed  that  a  paddle-wheel  can  be  made 
of  such  power,  and  to  have  such  hold  on  the  water,  a8  to 
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iDoye  only  one-hundredth  part  faster  at  its  periphery  than 
the  vessel  it  propels.  The  difference  in  such  case  between 
the  relative  velocity  of  the  wheel  and  the  Vessel,  would 
be  as  99  to  100.  It  is  true,  the  magnitude  of  the  wheel 
would  require  steam  power  in  proportion,  and  then  the 
remedy  would  be  as  bad  as  the  disease,  but  the  case  is 
practicable.  To  suppose,  therefore,  that  the  loss  of  power 
is  only  as  the  relative  movement  of  the  wheel  and  of  the 
boat,  is  as  absurd  as  it  would  be  to  assert,  that  inasmuch 
as  the  carriage- wheel  and  its  body  move  with  equal  velo- 
city, it  matters  not  what  load  the  carriage  contains.  In  the 
one  case,  the  speed  or  draught  of  the  horses  must  be  in- 
creased, so  in  the  other  must  the  steam  power. 

<<We  will  consider  the  subject,  however,  in  a  more 
tangible  shape.  There  are  four  kinds  of  water  wheels,  of 
which  the  undershot  assimilates  more  to  the  paddle-wheel 
than  the  others;  and  the  undershot  wheel,  it  is  acknow- 
ledged, loses  two«thirds  of  its  power;  that  is  to  say,  if 
three  pounds  of  water  fall  one  foot  on  an  undershot 
wheel,  it  will  not  communicate  impetus  sufficient  to  raise 
more  than  one  pound  to  the  height  of  the  fall.  Let  us 
examine  these  data  in  three  points  of  view,  with  relation 
to  the  paddle-wheel. 

"  1st.  The  undershot  wheel  is  propelled  by  water  de- 
scending on  it. 

^^  2dly.  The  water  so  falling  is  so  directed  as  to  strike 
the  float-boards  at  right  angles  with  their  surface. 

^^3dly.  Although  the  power  is  communicated  by  water 
moving  at  a  quicker  rate  than  the  wheel,  yet  so  soon  as  it 
has  communicated  a  portion  of  its  impetus  to  the  wheel, 
that  quantity  of  water  left  on  the  float-boards  and  hur- 
ried round  with  the  wheel  is  dead  weight,  and  serves  only 
to  impede  the  wheel's  velocity,  and  so  to  diminish  its  power. 

^^  In  all  these  particulars,  the  disadvantages  attending 
the  common  paddle-wheel  are  greater  than  those  above 
described. 

"  1st.  The  water  cannot  descend  upon  a  wheel  revolv- 
ing on  a  plane  of  water. 

"  §dly.  The  paddles  do  not  strike  the  water  at  right 
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angles  with  their  surface;  yet  the  impetus  given  by  Ihe 
first  paddle  is  the  principal  power,  inasmuch  as  it  is  ex- 
erted on  undisturbed  water  all  the  others  moving  in 
water  previously  disturbed. 

^^  Sdly.  The  inert  body  of  water  between  the  paddles, 
carried  round  by  the  wheel,  must  be  greater  than  that 
taken  up  by  the  undershot  wheel.  And,  abov6  all,  the 
backwater  is  far  more  considerable  with  the  paddles  than 
with  the  undershot  wheel. 

^^  Now,  if  the  loss  of  power  with  the  undershot  wheel  is 
allowed  to  be  two-thirds,  and  it  has  been  demonstrated 
that  the  loss  by  the  paddle-wheel  b  greater  than  with  the 
undershot,  the  result  of  the  experiment  hi^rein  stated  will 
be  the  less  diflScult  of  belief,  and  eflfbrts  to  improve  the 
paddle-wheel  be  less  open  to  be  characterised  as  visionary 
and  unprofitable. 

^^  Mr.  Perkins's  improvements  remedy,  in  a  great  de- 
gree, the  losses  of  the  common  wheel,  whether  by  indirect 
action  or  by  backwater.  The  paddles  are  miade  to  enter 
and  leave  the  water  edgeway ;  when  at  the  lowest  rotation 
of  the  wheel,  their  action  is  at  right  angles  with  the  keel; 
each  paddle  enters  into  and  moves  in  water  undisturbed 
by  any  preceding  paddle;  and  thus  every  paddle  immersed 
is  doing  service,  though  in  different  degrees,  at  the  same 
moment. 

^^  The  new  paddles  show  the  greatest  proportionate  ad- 
vantage  when  one-third  and  upwards  of  their  diameter  is 
immersed.  This  degree  of  immersion  would  ordinarily 
amount  to  from  seven  to  eight  feet,  instead  of  two,  the 
adyantageouB  dip  for  the  common  paddle.  The  resistance 
of  water  being  so  mnch  greater  at  the  depth  of  eight  feet 
than  it  is  at  two,  too  much  importance  cannot  be  attached 
to  this  material  distinction  between  the  two  modes  of  pro* 
pelling — Perkins's  paddle  being  made  more  in  the  shape 
of  an  oar-blade  than  of  a  float-board. 

^^  As  Perkins's  paddles  do  not  strike  the  surface  of  the 
water  with  their  flat  sides  on  entering  it,  the  constant  tre- 
mulous motion  experienced  in  steam  boats  will  be  obvia* 
ted.     So  violent  is  the  concussion  in  a  heavy  sea  with  the 
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tobftibn  i^ftddle,  or  if  the  wtefel  bef  ^n^  iititii^r^ey])  tliat 
the  destruction  of  the  paddle,  and  4Ym'6f  tll^. shaft,  oir 
parts  of  Ibfe  ookmeettdg^  g^lir,  «r^  tlttt  Mh%(]jtteM  occur- 
reneefir.'*^ ''  •  •"  ''"        •  •    •    •    . 

Ajyparatiis  ]fiAr'  Propettvng  &ieam  uoatsy  by  AMlph  tiett* 

hronn.    NewY6rkyl8^.  , 

dime  ^upeMi^tSta  #h^  thUrkf^p^ftltAi^bdlftng  beeH  re- 
cently made  at  New  York,  ^hteh,  i|  fe  dutd^  wifJi  attended 
with  sati^etHry  k*^filtd^  we  ftM'  ivi^dQW^A  to  include  a  de- 
scription bf  it  in  this  paH  df  6)6^  Wdikf  weU^  however; 
not  very  gangbtive  w  to  its  siftc^^^  tb4  p^rfe  bbldf  too  nn- 
nf«ron^,  atad  V«t^  liuMe  to  ibjijjry  ^A  rapid  w4a»ing  aWdy; 
td  last  any  boti^ld^rabte  time,  in  Wo^ktng  order.  Never- 
thdletti^  should  Mr.  Hdlbit>onft  tfiftMi^ed  in  establii^hlng 
tkwr  utility  m  advantdf^ok)^  ftiei  <^ohfwdtJ  ^b^l,  it  is 
bat  tigbt  ib  nbtite^  that  Mtf;  JinoM  DaWMiif)  i«rr  Oeorge'^ 
Pikce,  DilbHnv  took  otft  k  puteiit  foff  prwisl^l;^  the  same 
ihvBiition^iiioire  than  ten  years  pteft-i^Iy,  ll  fulldescriptibh 
of  which  is  gtVen  in  xM  forty-third  yoluitie  of  the  tlepelr- 
toiTy  of  Arts,  Second  Sc^ries* 

"Fhe  revolving  botton  givien  to  these  paddles  differs 
aUe^etller  from  that  which  has  been  eAitrtved  with  a 
Wew  lb  their  dipping  into,  and  emerging  froth  the  wdter 
vbrticalty.  Thfe  pa<{dles,  or  backets^  in  Mtj  Heilbronn's 
wheel,  dr^  edch  fited  upon  an  arm  which  Hidiateil  ffom 
the  centre  cff  the  wbi*el,  as  may  be  distinbtly  ^en  by  a  re- 
fet^t^  t6  the  engraving. 

It  k  wheel  ao  consrtructed,  the  psTddles  may  be  tn^de  to 
entef  the  water  edgfewtie,  and  be  tortVed  ^  as  t6  ifct  upon 
it  at  dUVy  ^oittt  which  may  be  pref&rT^d.  The  peddles 
which  lire  out  of  the  water  are  all  f^ath^red,  br  turned 
edg^wi^^VsO  as  to  exp^rrenc^  but  little  r^isftance  from 
the  Wind,  ettiA  to  reqvi^e  iC  very  shallow  f^x  6t  casing  to 
protect  ^h^mr  on  eath  side  of  the  boat.  A  wheel  of  this 
iescript?6n  My  b^'  imm^is6d  ih  i^^er  to  an^  depth  which 
may  ha  fecytlh^dyoi^  H  may  bfe  entif^ly  under  water,  where 
the  d^pth  h  sufRti^fttr  sh6uM  snch  a  mode  of  fixing  it  be 
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thought  advisable,  the  progress  of  the  boat  will  be  bat 
little  impeded  thereby* 

One  great  advantage  anticipated  from  tbes^Hj^ddles  is, 
the  avoiding  of  those  numerous  and  perpetual  conc^uB^ji^iiy 
produced  by  the  striking  of  the  water  by  the  ordinary 
floats,  which  causes  a  continued,  distressing,  and.  very  in- 
jurious tremulous  motion.  They  enter  by  their  edges,  and 
are  gradually  brought  into  action. 

The  number  of  revolving  paddles  to  be  used  will  be 
best  determined. by  expejriment. 

Figure  1»  repgreseats  one  of  the  said  wheels  of  eight 
armsoc  paddles,  as  it  appears,  when  in  a  finished  state, 
and  as  applied  to  the  side  cif  a  vessel;  and  figure  3^  is  a 
view,  on  a  larger  scale,  of  the  central  part,  of  the  said 
wheel,  as  seen  fr^im  the  opposite  side,  or  that  nearest  to 
the  vessel,  for  the  purpose  of  showing  how  the  paddle* 
arms  are  held  and  supported  in.  tbeir  places  and  yet  ,per« 
mitted  to  turn  ox  feather  at  the  proper. il^tant,  while  the 
whole  w.heel  turns  round;  and  jfigure  3,  is  aee<itioii  of  the 
same  part  of  the  paddle-wheel,  as  h  shewo  by  ^pme  2, 
apd  likewise  of  the. piece  G  G^  which  is  called  itke  wiper 
carriage,  which  is  immoveably  fixed  to  the  side  of  the 
vessel,  for  the  purpose  of  producing  the  turning,  or  .fea- 
thering of  the  paddles  at  the  proper  moment    In  the^ 
several  figuroQ  A  A  A  A,  is  a  circular  disk  or  plate  of 
cast-iron,  having  a  rim  or  ring  B  B  B,  rising  on  one  side 
toasufiicient  height  to  give  strength  and  solidity  .to  the 
said  circular  plate,  and  also  to  take  the  brasses  C  C  C, 
through  which  the  paddle-arms  or  axis  D  O  D  D  Are  per- 
mitted to  turn.    The  central  block  of  metal  E2,  may  be 
cast  in  one  piece  with  the  disk  or  plate,  but  will  be  better 
detached,  and  afterwards  fixed  to  ijt  by  screw  bolts,  as 
shown  in  the  section,  fig*  3,  because,  when  detached,  the 
brass  sockets,  or  steps  aaaay  for  receiving  the.  inner  ends 
of  the  paddle  arms  or  axis^  can  be  more  acciirately  bored 
and  fixed.     The  disk  or  plate  A  A  A  A,  with  its  centre 
block  E,  forms  the  central  part  of  the  paddle-wheel, 
which  must  be  firmly  keyed,  pr  otherwise  fixed  upon  the 
nuiin  shaft  F  F«  'which  derives  its  rotary  motion  ftom  aoy 
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power  applied  within  the  vessel,  and  this  shaft  also  passes 
freely  through  the  centre  of  the  metal  wiper  carriage  G, 
which  is  firmly  and  immoveably  fixed  to  the  side  of  the 
vessel,  for  the  purpose  of  operating  upon  the  wipers  or 
projections  &  i  of  the  paddle  axis,  in  order  to  produce  thp 
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turning  or  feathering  of  the  paddles.     To  effect  this,  the 
outer  face  of  the  wip^r  carriage  presents  two  annular 
surfaces,  as  seen  at  c  and  d,  in  fig.  4,  (which  is  a  front 
view  of  it,)  and  a  part  of  them  is  cut  away,  as  at  €  e,  to  a 
greater  or  less  extent^  ajccocding  to  the  period  at  which  it 
may  be  ^esfrable  to  n^ake.  the  pajddl03  turn  or  feather. 
The  wipers  or  projections  on  the.  axQs  of  these  paddles, 
are  projections  of  steel  qi^  other  metal,  crossing  each  other 
so  as  to  project  at  eight  angles  frqm  the  axes  of  the  pad* 
dies,  and  as  th^e  wipers  coni0  into  ci^ntact  with  one  or 
other  of  the  annular  sprfaces  9  and  d,  fig.  4,  and  also  seen 
in  fig.  2,  the  seyerjal  pad41e  axes  will, each  make  a  quarter 
turn  or  revolution.     Tfau<^  the  five  wipers  zzzz  Zy  fig. S, 
lie  with  their  flat  surfaces  upon  the  annular  surfacfe  c  of 
the  wipef  cari:iages,  but  that  surface  is  cut  away  between 
e  and  i^^(aj3  is  more  distinctly  seen  in  fig.  4,)  and  the  inner 
annular  i^urface  d  then  presents  itself,  and  acts  upon  the 
wipers  z  z,  to  turn  Uiem  roufid ;  consequently,  the  inner 
wipers  yy^f  will  now  assume  the  flat  position,  and  will 
continue  in  it^  until  they  are  again  brought,  by  the  motion 
of  the  wh^l,  into  contact  with  the  ends  of  the  outeir  an- 
nular surface  c.     It  will  thus  be  seen,  that  by  en^rging 
or  contracting  the  opening  ee^  fig- 4,  and  with  it  the  inner 
annular  surface  d,  that  one,  two,  or  more,  of  the  paddles 
may  be  made  to  stand  at  right  angles  to  all  the  r^t,  aod 
thus  that  any  number  of  paddles  may  be  mfde  t^  move 
through  the  air,  and  to  enter  into  and  con^  out  of  tbe 
water  ^ith  their  thin  edges  forward,  whil§  the  remainder, 
or  those  that  are  under  the  water,  wjU  reniain  steadily  in 
that  position  in  which  they  are  most  effective  for  the  pur- 
pose of  propelling,  as  is  distinctly  slvown.  by  the  manner 
in  which  the  paddles  are  arranged  round  the  wheel,  as 
shown  by  fig.  1.     It  will  be  necessary  to  employ  springs 
to  prevent  the  blow  and  concussion,  which  would  other- 
wise take,  place  between  the  wipers,  on  the  axes  of  the 
paddles^  and  the  ends  of  the  wiper  carriage^  upon  which 
they  strike,  an^  by  which  they  are  tu/ned  round;  and  the 
best  application  of  such  springs,  is  to  use  those  of  the 
spiral  kind,  of  considerable  strength,  and  to  introduce 
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r  in  the  ends.pf  the  wipj^v  carriage  wbidi.  Srst;  r<io»«  Anto 

I  ooaiact  with  the  wipers*    The  spring,  b^ag'  i|itro4u€0d 

into  the  hoki^  a  cylinder  of  hard  rtedl>  just^tUing  tlie.hple, 
is  placed  apon  it)  and  th^ce  fixed  by  a  pin  driven  through 
a  chased  mortise  hole  in  the  said  cyliadec^  in  such  a  man<> 
nee  that  the  said  cylinder'  can  faU  whoUy  into  the  said 
hole  when  pressed  upon,  but  without  smsk  pr^ssure^  will 
project  about  half  an  inch)  or  rather  aiore^  out  of  the  said 
hole;  and  aa  the  said  wheels  are. so  fix^  as  tp  r^ii.uir<> 
oases  to  protect  theni)  as  in  ordinary  steam  boats,  such 
cases  may  be  formed  of  light  iroa-worl^  covered  over 
with  slight  iron  bars,  or  with  strong  wii;e-*WQrjk,  becii^ise 
such  open-work  cases  do  not  olTer  tbe.aame  resistance  to 
the  wind  ^d  water  as  close^boarded  cases  dP  i  ft^d  n^qre- 
over,  they  have  the  effect  of  much  more  effeotnally  break"* 
ing  the  Ibrce  of  the  waves  when  they  drive  against  theip. 
Bars  or  rods,  with  points  upoa.tbemf  cr^  also>Cgifd  tjo  the* 
ittsides  of  such  eases,  causiog  the  said  poi^ta  t^  cpme  as, 
nearly  as  possible:  tjo  tho  paddles,  and  paddle?ai^eB  without 
touching  theni)  for  the  purpose  of  cleapng.  off  any.-  weeda 
that  may  attach  to  the  paddles,  9mi  l^ewi^  tp  prpt.ect 
them  from  striking  against  any  timber,  ice,  or  other  float- 
ii|g.  substances,  by  which  the  paddles  of  steam,  bo^ts  arc 
frequently  broken  or  ii^ui^ed. 

The  claims  of  the  inventor  are,  First,  to  the  frame-work 
or  wheel,  as  abpve  describee),,  fpr  holdipfi;  the  portent  pad- 
dles*  Secondly,  the  introduction  of  spriqgs.  tp  act  upon 
the  wipenk  Thirdly^  the  paddles-box,  mad^  qf  open  wire- 
work,  net,  pr  cross-bars,  with  projecting  pieces,  or  poiaU^ 
to  clear  the  paddles. 

From  the  cautious  wording  of  these  claims,  it  is  evident 
that  Mr,  Heilbronn  was  acquainted  wjith  Mr.  Dawson's 
patent  wl^ee).  The  latter  ge^tlen^p,  in  hi&  letter  to  the 
Editor  of  the  Repertory,. beforp.  alluded  to,  si^ys,  very 
candidly,  ^  It  has  been  fairly  objected  to  wheels  on  the 
abo^e  construction,  that  they  are  expensive,  cpmplieated, 
and  work  with  much  more  friction  than  commoa  wheels,'* 
and  to  obviate  these  objections,  he  purposes  ap  arrange- 
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ment  of  greater  simplicity,  of  ^wliiefa  «  conception  may  be 
foriAed  by  the  following  tiascriptioo.  •  Eaak  paddle  of  thia 
wheel  is  feroied  of  two  boards^  posited  at'  a  certain 
angle,  fece  to  face,  on  tlieir  respective  axes,  lea^ng  oaly 
a  spac^  sufficient  for  the  firea*  escape  of  the  wmt^  between 
them  ^  in  this  piMition  they  are  retained  by  atops -from 
opening  further.*  When  the  wheel  revolves,  the'  water 
acting  oil  the  broad  surfaces^of  the  paddles,  cansestliem  to 
close  as  they  enter  the  water^  and  to  remain  ao  untH  they 
begin  to  rise  out  of  it,  when  the  weight  af  the  water. lodging 
on'  the  narrow  surface  only,  tauses  them  to'Open^and  i«i 
consequence,  the  water  ftills  through  without  being  lifted. 
We  should  have  given  a  diagram  of  this  wheel,  whicb 
has  the  merit  of  simplicity,  had  it  afforded  any  effectrre 
means  of  backing  astern ;  the  water  presenting  scarcely 
any  resistance  to  the  backward  motion  of  the  paddles. 
This  is  a  strong  objection  to  its  use;  and  there  is  another^ 
namely,  the  concussions  of  the  paddIe-*board8,  as  they  8ue-< 
cessively  come  in  contact  in  doaing,  an  oflfeet -not  easily 
avoided,  without  departing 'fipoinsimplicit^^ — a  quality 
of  the  utmost  importance  in  all  machinery,  bat  most  espe-' 
cially  in  a  paddle-wheel. 

Patent  Propelling  Machinery ^  by  William  tiaUy  of  Col- 
chester.    1830. 

Mr.  Hale  purposes  to  employ  a  paddle-box  entirely 
filled  with  water,  and  made  aiV-ti^ht,  except  at  the  cen- 
tre, where  there  are  one  or  more  apei^ttlres  for  the  admisK 
sion  of  water,  and  at  the  circumference,  where  there  are 
one  or  more  openings  for  its  escape.  The  centrifugal 
force  of  thi^  paddles  acting  btlthe^  Water  within' the  box, 
produces  a  prepare  all  round  the' interior  of  the  box^ 
K^hich  giV^s  a  tendency  to  move  in  a  direction  opposite  in 
riie  side  wheii^  the  opening  is  made  in  the  circumference ; 
while'  the  sahi^  cause  accelerates  the  entrance  of  the  water 
into  the  bobc,^  which  is  produced  in  the  first  instance  by  thet 
paddle-box  being '  placed  within  the  r esse],  and  lower 
than  the  extertof 'water. 
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Fig.  ],  represents  one  modification  ' of  tbe  apparatus, 
and  consists  of  an  air-tight  cirealar  casing  .a  a,  containing 
four  arms  cccCy  wbich  revolve  horizontally  onavenClial 
axis  6,  placed  eccentrically  with  respeset  .to  >the  'casing  t  mi 
the  extremities  of  the  arms  are  fixed  four  curredvanes  or 
paddles  dddd,  inclined  in  the  manner  represented  in  the 
drawing*  The  water  enters  the  casing  through  the  bi^es 
e  e «  6,  and  is  expelled  by  the  revolotion  of  the  paddka 
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through  the  opening/,  ^g&inst  tfa^  external  water  at  the 
stern,  which  of  course  impels  theJ  vessel  in  a  contrary 
direction. 

Fig.  9,  is  anoth^modificatiitti  of  the  apparatus.  In  this, 
similar  letters  of  reference  indicate  «imilar  pArts,  with  only 
these  differenc4^  in  tlie  arrangement,  that  the  water  is  re- 
ceived  at  one  l^hrge  ipert4)^e  in  the  eeiitre  of  the  vanes,  the 
line  of  directJbn  of  the  dhcfaarge  being  a  tangent  to  the 
circle.  The  dotted  lines  at  g  "A^nOie  a  tube  leading  from 
the  bottom  of  the  vessel,  through  which  the  water  ascends 
into  the  paddle-box ;  and  ft  may  be  supposed,  that  similar 
tubei  Ar^  ^iH^loyed  in  the  first  desc)*ibed  plan,  for  con- 
ducting the  water  into  the  paddle-box. 

4nother  modification  id  represented  in  tne  specification, 
in  which  the  water  is  expelled  through  two  apertures,  in- 
frtead  of  one ;  and  it  is  stated,  that  the  paddles  may  be 
either  placed  vertically  or  horizontally,  according  to  the 
form  cff  the  ^ps£e  which  ihey  are  designed  to  occupy  in 
the  vessel. 

It  is  difficult  to  discover  the  advantages  which  the  pa- 
tentee  expects  to  gain  by  these  contrivances;  we  fear, 
that  the  power  required  to  produce  in  a  large  body  of 
water,  such  as  the  contefits  of  one  of  his  paddle-boxes,  a 
rotatory  motion  of  sufficient  velocity  to  produce  an  avail- 
able centrifugal  force,  wcmld  be  too  great  to  render  the 
plan  desirable  in  point  of  economy. 

Method  of  Regulating  the  Movement  of  Steam  Vessels^  in- 
vented  by  Messrs.  /.  and  C.  CarmichaeL 

We  shall  now  present  our  readers  with  a  description  of 
urn  apparatus  whieh  ha»  bMn  found  v^f^f  ddlfftll  ik  rever- 
mig  the  notion  ^  the  prdpreliefs'  t#  fftckWk  bMt^. 

The  object  of  this  contrivaiYee  (as  deidcribed  1»y  the 
hnrentbrs,)  irt  to  regulate  tlie  motions  of  i^  iteam  ve^l 
in  a  more  easy  manner  than  heretofbre.  Bf  the  sAAiple 
motkNi  of  a  small  handle,  6t  index,  placed  on  a  table, 
of^of^  detk^  in  view  and  in  ktoring^  of  the  mm  it  the  hehn, 
and  of  the  roaster  «f  the  redely  dviifry  mnvenient  ^hieh 
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the  engine  is  capable  of  giving  to  the  paddle-wheel  may 
be  at  once  commanded.  The  vessel  may  be  moved  for> 
wards  or  backwards,  or  may  be  retarded^  or  entirely 
stopped,  at  any  given  moment,  by  merely  turning  the 
handle  to  the  places  denoted  by  the  gradations  of  a  dial- 
plate.  No  skill  is  required  for  this  purpose;  so  titat  the 
master  himself,  or  a  sailor  under  his  directions,  can  per- 
form the  office  as  well  as  the  ablest  engineer.  Thus,  the 
confusion  which  frequently  arises  at  night,  in  calling  out 
to  the  engineer  below,  is  avoided,  and  any  ambiguity, 
arising  firom  the  word  of  command  being  transmitted 
through  several  persons,  entirely  prevented.  In  point  of 
feet,  it  places  the  engine  as  much  under  command  as  the 
28.  3u 


514      CARM   CHAEl/S  APCARATU8  FOR    RI^GULATINO 

rudder  is — an  undoubted  improvement  upon  tbe  clumsy 
method  of  bawling  out  to  the  engineer  below,  who  either 
may  not  hear,  or  may  chance  to  be  out  of  the  way — cir- 
cumstances which  may  lead  to  the  most  serious  accidents. 

^^  The  different  parts  of  the  machinery  are  not  exactly 
arranged  in  the  sketch  as  they  are  executed  in  the  said 
boat,  but  we  hope  that  the  principle  will  be  better  under- 
stood from  having  arranged  them  so  as  they  can  be  better 
seen  in  the  sketch  prefixed. 

^^  The  cylinder  and  jacket  are  cast  in  one  piece,  con- 
nected at  the  bottom,  but  altogether  disconnected  at  the 
top,  when  cast ;  the  vacancy  between  the  two  is  closed  at 
the  top  by  an  iron  ring,  and  hemp  or  rust  packing  in  the 
joints.  The  steam  from  the  boiler  enters  between  the 
cylinder  and  jacket,  by  the  branch  A,  fig.  1,  passes  round 
the  cylinder,  and  communicates  with  the  side  pipe  C,  of 
the  valve-chests,  by  tbe  branch  B,  but  cannot  enter  the 
cylinder  when  the  steam  valves  D  D,  are  shut.  The 
eduction  valves  E  E,  are  situate  below  the  steam  valves. 

^^  The  steam  valve  rods  work  through  a  flax  packing 
at  F  F,  and  are  made  hollow,  to  allow  the  eduction  valve 
rods  to  pass  up  the  centre  of  them ;  they  are  also  made 
air-tight  by  a  flax  packing  at  6  G. 

^^  The  valve  lifters  H  H  H  H,  are  fast  upon  the  lifting- 
rods  I  J,  only  one  of  which  can  be  properly  seen ;  the  foot 
N/f  the  one  farthest  from  the  eye  is  seen  at  the  rocking- 
shaft.  One  of  these  rods  lifls  the  upper  »team  valve  and 
lower  eduction  valve,  and  the  other  the  lower  steam 
valve  and  upper  eduction  valve.  The  lower  steam  valve 
and  upper  eduction  valve  are  represented  as  lifted  in  the 
sketch. 

^^  The  rocking-shaft  K,  turns  a|id  returns  upon  its 
centre  about  40°,  and  having  two  spanners  (or  pallets,) 
Jj,  projecting  from  it  upon  opposite  sides,  causes  the  lifter 
rods,  and  the  valves  connected  ^i  I th  them,  to  rise  alter- 
nately. The  lifter  rods  fall  by  their  own  weight,  and 
when  the  pallets  are  horizontal,  all  the  valves  are  shut, 
and  for  an  instant  of  time  are  at  rest. 

'^  The  rocking  shaft  receives  its  motion  from  an  eccen« 
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trie  wheel  M ,  fastened  to  the  crank-shaft.  The  fixing  of 
this  wheel,  with  relation  to  the  crank  and  valves,  is  a 
point  of  considerable  nicety,  as  upon  this  depends  the 
opening  and  shutting  of  the  valves  at  the  proper  time. 

^^  The  eccentric  rod  N,  is  supported  on  the  crank  shaft 
by  a  projecting  part  on  each  side  of  the  eccentric  wheel, 
turned  concentric  with  the  shaft  by  the  brass  pieces  O. 
The  four  rods  P,  pass  through  these  brass  pieces,  and 
slide  freely  in  them*  This  part  is  shown  in  the  section  at 
fig.  2,  with  part  of  the  crank  (or  paddle)  shaft,  and  the 
crank  on  one  end.  The  other  end  of  the  eccentric  rod  is 
supported  on  the  roller  Q;  and  as  the  crank  shaft  turns 
round,  the  eccentric  rod  travels  backwards  and  forwards, 
a  distance  equal  to  double  the  eccentricity  of  the  eccen- 
tric wheel;  and  as  the  said  rod  is  connected  with  the 
rocking  shaft  by  the  double-ended  spanner  R  R,  on  one 
end  of  it,  consequently  the  rocking  shaft  will  travel  from 
one  extremity  of  its  arch  of  motion  to  the  other,  in  the 
same  time  that  the  crank  shaft  makes  half  a  revolution,  or 
in  the  same  time  that  the  steam  piston  travels  from  the 
top  to  the  bottom  of  the  cylinder,  or  from  the  bottom  to 
the  top.  The  steam  piston  is  represented  in  the  middle 
of  the  cylinder,  and  as  the  lower  steam  valve  and  upper 
eduction  valve  are  open,  the  piston  must  be  ascending; 
and  as  the  crank  is  connected  with  the  opposite  end  of  the 
walking  beam  (or  lever),  the  crank  will  be  descending. 
By  the  time  that  the  piston  has  reached  the  top,  and  the 
crank  the  bottom,  the  rocking  shaft  will  be  in  that  posi< 
tion  where  the  pallets  upon  it  are  horizontal,  and,  of 
course,  all  the  valves  will  be  shut.  But  the  momentum 
of  the  paddle  (or  fly)  wheel  carries  on  the  motion,  and 
immediately  the  two  valves  that  were  formerly  shut,  viz. 
the  upper  steam  valve  and  lower  eduction  valve,  are 
opened,  and  the  steam  presses  down  the  piston  with  a 
force  equal  to  the  difference  between  its  own  elasticity 
and  the  elasticity  of  the  uncondensed  vapours  below  the 
piston.  Thus  the  engines  will  continue  to  go,  and  the 
paddle-wheel  to  turn,  in  the  direction  of  the  dart. 

^^  But  that  we  may  endeavour  to  explain  to  you  the 
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method  of  stopping  or  reversing  the  motion  of  the  paddle- 
wheel,  all  that  is  necessary  is  to  shut  all  the  valves;  and 
this  is  effected  by  disengaging  the  eccentric  rod  from  the 
spanner  of  the  rocking  shaft,  and  the  valves  all  shut  of 
their  own  accord,  by  the  weight  pf  the  valves,  lifter  rods, 
&c.,  and  the  engine  will  stand;  and  to  set  (he  engine 
a-going,  either  the  one  way  or  the  other,  is  to  lower  the 
eccentric  rod,  to  take  hold  of  the  double-ended  spanner 
on  the  end  of  the  rocking  shaft,  as  represented  on  the 
sketch,  and  then  the  paddle-wheel  will  move  in  the  direc- 
tion of  the  dart,  or  lift  the  eccentric  rod  to  the  top  of  the 
spanner  on  the  rocking  shaft,  ^nd  then  the  paddle-wheel 
will  move  in  the  opposite  direction.  The  use  of  the  sec- 
tor-formed appendages  T,  on  the  end  of  the  eccentric  rod, 
is  to  conduct  the  pins  on  the  ends  of  the  double-ended 
spanner  into  the  notches  adapted  for  them  on  each  side  of 
the  eccentric  rod. 

^^  The  hand-gearing,  for  starting  or  stopping  the 
engines,  is  situated  upon  the  deck  of  the.  boat,  and  all 
concentrated  upon  the  top  of  a  small  table,  in  view  and  in 
hearing  of  the  man  at  the  helm,  or  the  master,  who  directs 
both,  when  coming  to  the  quay. 

<^  1,  a  double-ended  handle,  which  is  upon  the  upright 
shaft  2,  on  the  lower  end  of  which  is  a  bevel  wheel  3^ 
working  into  another  wheel  4 ;  this  wheel  is  on  a  lying 
shaft,  which  extends  firom  the  one  engine  to  the  other, 
and  carries  on  each  end  of  it  a  spur  pinion  5,  which  pinion 
works  into  the  rack  6.  There  is  a  similar  rack  connected 
with  the  eccentric  rod  of  the  other  engine,  into  which  the 
other  spur  pinion  works;  so  that,  by  turning  the  handle  1, 
both  engines  can  be  started,  stopped,  or  reversed,  with 
the  greatest  facility  and  certainty  that  could  be  wished 
for.  These  bevel  wheels,  spur  pinions,  and  racks,  must 
be  so  proportioned  to  one  another,  as  that  two  complete 
turns  of  the  handle  1,  will  raise  the  eccentric  rod  from  the 
lowest  to  the  highest  position.  Ofte  turn  of  the  handle 
raises  or  lowers  the  eccentric  rods  into  the  stopping  posi- 
tion ;  and  one  turn,  either  the  one  way  or  the  other,  as 
circumstances  require  it,  sets  the  boat  a-head  or  a-stern. 
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There  is  a  projecting  piece  7,  fixed  upon  the  upright 
shaft,  which  catches  into  a  notch,  pressed  by  a  spring, 
which  supports  the  racks  and  eccentric  rods,  at  any  of  the 
three  positions  that  may  be  required. 

^^  As  the  said  upright  shaft  makes  two  turns,  and  always 
stops  at  the  same  point,  it  is  not  suitable  for  the  index. 
To  remedy  this,  there  is  a  small  pinion  8,  below  the  table, 
working  into  a  wheel  9,  with  four  times  the  number  of 
teeth,  for  carrying  the  index  10.  This  wheel,  making  but 
half  a  revolution  for  two  revolutions  of  the  upright  shaft, 
makes  the  index  upon  its  arbour  stand  fore  and  aft  when 
the  engines  are  going,  and  thwart  ships  when  the  eccen- 
tric rods  are  set  in  the  standing  position. 

^^  The  index  11,  is  connected  with  the  regulating  valve 
12,  by  rods  and  spanners,  and  turned  by  hand,  as  circum- 
stances  require. 

^^  The  index  IS,  is  connected  with  the  injection  cock  by 
rods  and  spanners,  it  being  always  shut  before  the  engines 
are  stopped,  and  opened  when  the  engines  are  started. 
Each  engine  has  separate  gearing  for  the  regulating 
valves  and  injection  cocks,  and  graduated  circles  on  brass 
plates,  to  show,  by  inspection,  the  position  in  which  they 
are  standing. 

<^  When  the  engines  stand  for  some  time,  it  is  necessary 
to  let  the  steam  pass  freely  through  them  for  two  or  three 
seconds,  on  purpose  to  heat  them,  and  expel  any  air  that 
may  have  got  inside.  For  this  purpose,  the  long  handle 
14,  standing  by  the  side  of  the  table,  is  fixed  to  a  shaft  13, 
which  goes  across  the  front  of  both  engines,  and  by  four 
short  spanners  (or  pallets)  upon  it,  lifts  all  the  valves  of 
both  engines,  and  allows  the  steam  to  pass  freely  through 
them  by  the  air*pump  valves.  The  engineer  knows  by 
the  sound  when  to  replace  the  handle  in  the  position 
shown  ill  the  sketch;  and  having  previously  set  the  index 
for  the  head  or  stern  motion  in  the  direction  wanted,  and 
adjusted  the  steam-regulating  index,  the  last  thing  he  has 
got  to  do  s  to  open  the  injection-cocks,  and  immediately 
the  engines  start  in  the  direction  wanted.* 
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Internal  Arrangement  of  Steam  Vessels. 

We  conclude  this  section  by  a  representation  and  con- 
cise description  of  the  interior  arrangement  of  steam 
boats,  as  they  have  been  generally  constructed';  the  ma- 
chinery introduced  is  of  the  ordinary  kind,  and  will, 
therefore,  not  require  a  particular  explanation. 

The  upper  figure  represents  a  longitudinal  and  vertical 
section,  from  &tem  to  stem,  of  a  steam  vessel ;  and  the 
lower  figure,  a  plan  of  the  same,  with  the  deck  removed ; 
similar  letters  in  each  figure  refer  to  corresponding  parts. 

aaBte  two  boilers;  6  the  chimney,  leading  from  the 
flues  of  both  the  fires;  c  is  the  steam  pipe,  only  partly 
brought  into  view  in  the  section,  but  its  course  is  better 
seen  in  the  plan,  where  it  is  shown  to  proceed  from  both 
the  boilers  into  a  single  tube,  which  conveys  it  into  anq- 
ther  cross  tube,  that  connects  it  to  the  two  cylinders  d  d, 
by  the  intervention  of  the  valve  boxes/*/.  The  air-pumps 
e  e,  are  worked  by  the  main  beam,  and  the  eccentric,  for 
giving  motion  to  the  valves,  is  shown  at  g.  The  paddle 
wheels  h  A,  are  usually  attached  to  the  main  crank  by  a 
coupling-box,  or  toothed- wheels,  which  enables  the  engi- 
neer to  throw  off  either  of  the  propelling  wheels  at  plea- 
sure; t,  one  of  the  paddle-boxes,  seen  only  in  the  section. 
j  is  the  fore-cabin,  k  the  after-cabin,  o  o  are  stair-cases; 
/  /  /  /  the  framing  of  timber  which  supports  a  platform  or 
deck  (commonly  called  the  gangway),  which  nearly  sur* 
rounds  the  hull  of  the  vessel. 
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SECTION  V. 

LOCOMOTIITB  STEAM  CARRIAGES. 

The  first  part  of  this  work  concludes  with  Mr.  Galloway's 
observations  on  this  important  subject,  in  which  he  refers 
the  reader,  for  the  description  of  several  carriages,  to  the 
Register  of  Arts,  and  Joamal  of  Patent  Inventions;  the 
author  of  the  Appendix  has,  therefore,  thought  it  advisa- 
ble to  save  the  reader  the  trouble  of  reference,  by  intro- 
ducing an  account  of  those  machines  in  this  part  of  the 
work,  together  with  such  others  as  have  lately  been  in- 
vented; and  thus  include  in  one  volume,  all  that  has 
hitherto  been  done  or  attempted,  worthy  of  notice,  in  this 
highly-interesting  and  p^iiaps  feasible  project.  ThediflS- 
culties  to  be  surmounted  are  unquestionably  great,  but,  it 
is  hoped,  not  insuperable.  Had  the  many  ingenious  men, 
who  are  now  actively  engaged  in  constructing  steam 
coaches^  been  contented  with  attempting  the  formation 
of  steam  waggons^  it  is  probable  that  complete  success 
would  ere  now  have  crowned  their  labours.  Improved 
combinations  and  simplifications  of  the  machinery  would 
have  been  gradually  introduced,  tending  to  reduce  the 
friction,  iiicrease  the  power,  and  Accelerate  the  speed; 
but  by  attempting  so  much  at  once,  the  chances  of  failure 
are  multiplied,  and  the  success  of  an  undertaking  appa- 
rently easy  in  accomplishment,  when  proceeded  upon  step 
by  step,  is  endangered. 

Patent  Steam  Carriage^  by  Julius  Grifith^  of  Brompton^ 

Middlesex.  1821. 

This  was,  we  believe,  the  earliest  attempt  made  in  Eng* 
land  to  construct  a  locomotive  steam-coach,  to  travel  on 
the  common  road.  Although  the  experiments  that  were 
made  with  it  proved   unsuccessful,  several  of  its  mecha* 
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nical  combinations  have  afforded  useful  hints,  which  have 
not  been  overlooked  by  succeeding  mechanicians  in  similar 
undertakings. 

The  body  of  the  carriage  was  adapted  to  carry  either 
goods  or  passengers ;  it  was  guided  by  means  of  a  lever 
operating  upon  the  fore  wheels  of  the  carriage,  so  as  to 
turn  them,  round  horizontally  upon  the  ground,  or  to 
place  them,  in  an  oblique  position  to  make  curves  in  the 
road.  The  yokes  which  carried  the  fore  wheels  weVe  not 
connected  to  the  main  perch  of  the  carriage,  but  to  a  short 
revolving  perch.  This  perch  was  embraced  at  each  end 
by  an  iron  hoop,  the  one  being  fixed  to  the  main  perch, 
the  other  to  the  framing  of  the  yokes;  so  that  when  the 
carriage  poased  over  inequalities  in  the  road,  the  carriage 
would  oscillate  upon  the  revolving  perch,  and  preserve  its 
erect  position. 

Two  upright  steam  cylinders,  with  their  piston  rods 
working  a  ci;ank. at  right  angles  to  each  other,  were  em- 
ployed as  the  propelling  power;  these,  with  their  furnace, 
boiler,  condenser,  and  other  appendages,  were  situated  iu 
the  hind  part  of  the  carriage ;  and,  to  prevent  them  from 
partaking  of  the  concussions  and  other  irregular  motions 
of  the  carriage,  they  were  fixed  upon  a  swinging  platform, 
suspended  to.  aaft«levated  iron  fiame-iwork;  and  elasticity 
was  given  lo  (^e  chains  by  the  introduction  of  strong 
heliacal  springs. 

The  boiler  consisted  of  a  seriies  of  metal  pipes,  into 
which  water  waa  forced  by  a  pumpt;  from  a  reservoir.  The 
steam  from  the  engine  was  condensed  in  a  series  of  flat 
pipea  exposed  to  the  cooling  influence  of  the  atmosphere, 
from  whence  the  water  ran  into  the  reservoir  again. 

The  power  of  the  engine  was  communicated  to  the  hind 

heels  by  means  of  ^'  sweep  rods,^'  at  the  lower  parts  of 
which  were  pinioas  and*  detfiota  taking  into  toothed 
wheels;  which  toothed  wheels,  beiag  fixed  to  the  hind 
unning  wheels!  of  the  carriage,  communicated  their  mo- 
ion,  and  impelled  the  vehicle. 
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Patent  Steam  CoocA,  by  Messrs.  Burstall  and  Hill,  qfZon- 
doH  and  Edmbtirgk.   1624. 


STEAM  COACH.  fiSS 

This  was  the  second  attempt  actually  put  in  execution 
to  propel  a  coach  by  steam*  Numerous  experiments  were 
made  with  it  in  London,  at  various  times,  the  intervals 
being  occupied  in  making  a  variety  of  alterations.  The 
utmost  speed  attained  was,  we  believe,  from  three  to  four 
miles  per  hour,  which  was  performed  in  an  enclosed  piece 
of  ground.  A  great  deal  of  time  was  lost,  and  expense 
incurred  by  the  repeated  failure  of  the  boilers.  The  fol- 
lowing account  of  this  machine  is  extracted  from  the 
Edinburgh  Journal  of  Science. 

'^  A,  represents  the  boiler,  which  is  formed  of  a  stout  cast- 
iron,  or  other  suitable  metal  flue,  inclosed  in  a  wrought- 
iVon  or  copper  case,  as  seen  in  section,  where  A  is  the  place 
for  fuel,  and  aaa  are  parts  of  the  flue,  as  seen  in  section, 
the  top  being  formed  into  a  nuipber  of  shallow  trays  or 
receptacles  for  containing  a  small  quantity  of  water  in  a 
state  of  being  converted  into  steam,  which  is  admitted  from 
the  reservoir  by  a  small  pipe.  B  is  the  chimney,  arising 
from  the  centre  flue  ;  at  D  are  the  two  cylinders,  one  be- 
hind the  other,  which  are  fitted  up  with  pistons  and  valves, 
or  cocks,  in  the  usual  way,  for  the  alternate  action  of 
steam  above  and  below  the  pistons.  The  boiler  being  sus- 
pended on  springs,  the  steam  is  conveyed  from  it  to  the 
engines  through  the  heliacal  pipe  c,  which  has  that  form 
given  to  it,  to  allow  the  vibration  of  the  boiler,  without 
injury  to  the  steam  joints.  E  is  the  cistern  containing  water 
for  one  stage,  say  50  to  80  gallons,  and  is  made  of  strong 
copper,  and  air-tight,  to  sustain  a  pressure  of  about  60 
pounds  to  the  square  inch.  At  e  is  one  or  more  air-pumps, 
which  are  worked  by  the  beams  F  E,  of  the  engines,  and 
are  used  to  force  air  into  the  water  vessel,  that  its  pressure 
may  drive  out,  by  a  convenient  pipe,  the  water  into  the 
boiler,  at  such  times  and  in  such  quantities  as  ma/  be 
wanted.  The  two  beams  are  connected  at  one  end  with 
the  piston  rods,  and  at  the  other  with  the  rocking  stand- 
ards, H  H.  At  about  one-fourth  of  the  length  of  the  beams 
from  the  piston  rods,  are  the  two  connecting  rods,  g  g^ 
their  lower  ends  being  attached  to  two  cranks,  formed  at 
angles  of  90®  from  each  other  on  the  bind  axle,  giving. 
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by  tbe  action  of  the  steam,  a  continued  rotatory  motion  Co 
the  wheels,  without  the  necessity  of  a  fly  wheeK  The 
four  coach-wheels  are  attached  to  the  axles  nearly  as  in 
common  coaches,  except  that  there  is  a  ratchet  wheel 
formed  upon  the  back  part  of  the  naye^  with  a  box  wedged 
into  the  axle,  containing  a  dog  or  pall^  with  a  spring  on 
the  back  of  it,  for  the  purpose  of  causing  the  wheek  to  be 
impelled  when  the  axle  reirolyes,  and  at  the  same  time 
allowing  the  outer  wheel,  when  the  carriage  describes  a 
cu|^ve,  to  travel  faster  than  the  inner  one,  and  still  be  ready 
to  receive  the  impulse  of  the  engine,  as  soon  as  it  comes  to 
a  straight  course. 

*^  The  patentees  have  another  method  of  performing  the 
same  operation,  with  the  further  advantage  of  backing  the 
coach  when  the  engines  are  backed.  In  this  plan,  the  naves 
are  cast  with  a  recess  in  the  middle,  in  which  is  a  double 
bevel  clutch,  the  inside  of  the  nave  being  formed  to  cor- 
respond. The  clutches  are  simultaneously  acted  upon  bj 
connecting  levers  and  springs,  and  which,  according  as 
they  are  forced  to  the  right  or  left,  will  enable  the  carriage 
to  be  moved  forward  or  backward.  To  the  fore  naves  are 
fixed  two  cylindrical  metal  rings,  round  which  are  two  fric- 
tion bands,  to  be  tightened  by  a  lever  convenient  for  the 
foot  of  the  conductor,  and  which  will  readily  retard  or 
stop  the  coach  when  descending  hills.  K  is  the  seat  of  the 
conductor,  with  the  steering  wheel,  L,  in  the  front,  which 
is  fastened  on  the  small  upright  shaft  I,  and  turns  the  two 
bevel  pinions  2,  and  the  shaft  S,  with  its  small  pinion  4, 
which,  working  into  a  rack  on  the  segment  of  a  circle  on 
the  fore  carriage,  gives  full  power  to  place  the  two  axles 
at  any  angle  necessary  for  causing  the  carriage  to  turn  on 
the  road,  the  centre  of  motion  being  the  perch-pin  I. 

^^  The  fore  and  hind  carriage  are  connected  together  by 
a  perch,  which  is  bolted  fast  at  one  end  by  the  fork,  and  at 
the  other  end  is  screwed  by  two  collars,  which  permit  the 
fore  and  hind  weels  to  adapt  themselves  to  the  curve  of 
the  road. 

^^  To  ascend  steep  parts  of  the  road,  and  particularly  when 
the  carriage  is  used  on  railways,  o*  to  drag  another  behind 
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it,  greater  friction  will  be  required .  on  the  road  than  the 
two- hind  wbeels  will  give,  and  there  is  therefore  a  contri- 
vance to  turn  all  the  four  wheels*  This  is  done  by  »,  pair, 
of . mitre  wheels  4»  one  being  on  the.  hind  axlei  ,i^nAi4b& 
other  on  the  longitudinal  shaft. 6,  on  .which  shaft  is  n, uni- 
versal joint,  directly  under  the  perch-pin  I,  at.7»  This 
enables  the  small  shaft  7,  to  be.turned^  though,  the  jcarriage 
should  be  on  t^  locki  On  one  end  of  the  shaft?,  is i one 
of  a  pair  of  bevel  wheels,  the  other  being  on  the  fore  axle, 
which  wheels  are  in  the  same  proportion  to  one  another, 
as  the  fore  and  hind  wheels  of  the  carriage  are«  and. this 
causes  their  cft'cumference  to  move  on  the  ground  at  .the 
same  speed. 

^^  The  patentees,  by  a  peculiar  construction  of  a  boiler, 
intend  to  make  it  a  store  of  caloric ;  they  propose  to  btiat 
it  from  250  to  600  or  800  degrees  of  Fahrenheit,  and  by 
keeping  the  water  in  a  separate  vessel,  and  only  applying 
it  to  the  boiler  when  steam  is  wanted,  they  hope  to  accom- 
plish that  great  desideratum  in  the  applieatioji  of  jsteaiv^  .to 
common  roads,  of  making  just  such  a*  quantity  of.^t^eam  as 
is  wanted ;  so  that,  when  goii^g  down  hill,;  wheve.thfl  gra- 
vitating force  will  be  enough  to  impel  the  carriage,  all 
the  steam  and  heat  may  be  saved,  to  be  accumulating  and 
given  out  again  at  the  first  hill  or  bad  piece  of  road,  when, 
more  being  wanted,  more  will  be  expended^ 

^^  The  engines  are  what  are  called  high-pressure,  and  ca- 
pable of  working  to  ten-horse  power,  and  the  steam  is  pur« 
posed  to  be  let  off  into  an  intermediate  vessel,  that  the 
sound  emitted  may  be  regulated  by  one  or  more  cocks. 

^^  From  the  foregoing  description  we  think  we  are  war- 
ranted in  saying,  that  there  is  a  considerable  degree  of 
ingenuity,  as  well  as  originality,  in  many  of  the  details,  and 
also  in  the  general  arrangement  of  the  machinery.  In  this 
light  we  regard  their  mode  of  allowing  the  several  wheels 
to  move  simultaneously  at  different  velocities,  the  convo- 
luted form  given  to  the  steam  and  water  pipes,  by  which 
the  injurious  effects  of  jolting  are  avoided  by  very  simple 
means,  and  the  mode  of  injecting  water  into  the  boilei,  by 
means  of  compressed  air 
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^^  By  the  recent  improyements,  the  boiler  is  to  be  placed 
upon  an  additional  pair  of  wheels^  so  that  the  whole 
machine  may  run  upon  six  wheels  instead  of  four.  The 
patentees  claim  two  distinct  modes  of  employing  this  extra 
pair  of  wheels,  either  of  which  may  be  adopted.  By  the 
first  mode,  the  back  end  of  the  boiler  is  bolted  to  the  axle- 
tree  of  the  extra  wheels,  and  the  front  end  rests  and  turns 
upon  a  pivot,  fixed  to  the  axle  of  the  middle  pair  of  wheels. 
By  the  second  mode,  the  axle  of  the  hind  wheels  turns 
upon  a  centre,  and  the  boiler  is  attached  to  a  frame,  which 
encompasses  it :  this  frame  is  suspended  upon  springs  or 
not,  (according  to  the  nature  of  the  road,)  the  fore  part  of 
it  being  bolted  to  the  axle  of  the  middle  pair  of  wheels.  By 
either  of  these  contrivances,  the  carriage  containinir  the 
boiler  may  be  made  to  adapt  itself  to  the  bends  in  the 
road,  without  incurring  injurious  strains* 

^  The  next  improvement  of  material  importance,  consists 
in  the  construction  of  the  steam  pipes,  which  have  sliding 
and  moveable  knee-formed  joints,  to  admit  of  their  ex- 
tension or  contraction,  when  the  carriage  is  passing  over 
rough  or  undulating  ground;  thus  constructed,  the  pipes 
also  accommodate  themselves  to  bends  and  irregularities  in 
the  road. 

^*  The  third  improvement  relates  to  the  mode  of  steering 
the  carriage,  which  is  eflfected  by  a  chain  circumscribing 
the  steering  wheel,  the  ends  of  the  chain  then  passing 
round  pulleys  fixed  on  the  carriage  frame,  are  attached  to 
the  opposite  extremities  of  the  fore  axletree." 

An  improved  modification  of  this  machine  has  been  since 
constructed  by  Mr.  Hill,  in  Liondon  ;  we  saw  the  carriage 
in  the  progress  of  building,  but  what  advantages  have  re- 
sulted from  the  alterations  made,  we  have  not  heard ;  the 
undertaking  has  however  been  lately  suspended  by  Mr. 
Hill  in  London,  while  his  partner  Mr.  Burstall,  of  fklin- 
burgh,  has  continued  to  prosecute  it^  as  will  be  seen  by 
the  annexed  account. 
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Patent  Steam  Carriage^  by  Mr.Burstall,  EdaUmrgh.  1827 


The  aboTfl  cat  is  a  representation  of  the  model  of  a 
coach,  constructed  in  Edinburgh  by  Mr.  Burstall,  from  the 
designs,  it  13  said,  of  Mr.  Hill,  upon  a  scale  of  three  inches 
to  the  foot,  or  one-foarth  linear  measure  of  the  full-sized 
machine.  As  this  proportion  is  accurately  preserved  in  all 
its  parts,  the  model  exhibits  a  faithful  representation  of  the 
carriage  to  be  used  on  the  road,  (if  successful)  and  thus 
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affords  a  measure  (though  not  a  very  correct  one)  of  its 
performance. 

The  coach  is  exactly  of  the  common  form,  and  carries 
six  inside  and  twelve  outside  passengers,  but  it  has  an  ad- 
ditional pair  of  wheels  behind,  for  supporting  the  boiler. 
The  length  of  the  model  is  five  and  a  half  feet,  its  height 
twenty- two  inches ;  the  length  of  the  full-sized  coach,  with 
its  engine,  will  be  t^venty-two  feet,  its  height  seven  feet 
four  inches.  The  steersman  or  driver  sits  in  front,  and,  by 
turning  a  circular  horizontal  plate  c,  gives  the  first  pair  of 
wheels  a  direction  to  the  right  or  the  left,  as  in  a  common 
coach,  when  the  bends  of  the  road  require  it.  The  boiler 
b  is  supported  by  an  iron  frame,  extending  from  the  second 
to  the  third  pair  of  wheels.  It  is  shaped  like  a  bee-hive 
or  cone,  and  will  be  about  four  and  a  half  feet  high  in  the 
full  machine,  exclusive  of  the  chimney.  The  fire  is  in  the 
middle,  and  the  water'and  steam  outside.  The  engine  is 
on  the  high-pressure  principle ;  and  the  boiler,  which  is  of 
copper,  is  made  strong  enough  to  bear  a  pressure  of  three 
hundred  pounds  on  the  inch,  though  it  is  intended  to  work 
with  only  twenty-five  pounds.  Two  cylinders  are  employed ; 
they  occupy  the  hind  boot,  and  rest  on  the  axle  of  the 
middle  wheels;  in  the  model,  the  cylinders  are  three  inches 
in  diameter,  with  a  stroke  of  three  inched^  The  cistern  a  is 
below.  The  engine  pumps  up  water  iMPifself,  which  passes 
from  the  cistern  by  a  pipe ;  another  pipe  e  conveys  the  steam 
to  the  cylinder ;  a  third  pipe  {carries  off  the  waste  steam  from 
the  cylinders  into  the  chimney,  from  which,  being  expanded 
by  the  heat,  it  escapes  invisibly.  The  engine,  when  worked 
with  steam  of  twenty-five  pounds,  will  be  of  ten-horse 
power  in  the  full-sized  carriage;  and  the  whole  weight  of 
the  engine  and  carriage,  with  the  charge  of  fuel  and  water, 
will  be  about  three  tons. 

This  model  of  the  carriage  was  exhibited  at  work  in 
Edinburgh  (and  other  places),  where  it  travelled  round  a 
circle  of  seventeen  feet  in  diameter,  on  an  uneven  deal 
floor,  with  a  speed  equal  to  seven  or  eight  miles  per  hour. 
A  deal  platform,  18  feet  long,  rising  1  foot  at  the  end  (or  1 
in  ^8),  was  fixed,  which  the  carriage  ran  up  with  ease  and 


W.  11.  JAMESES  STEAM  CAAillAGE.  529 

rapidity.  On  the  outside  of  the  circle  was  a  deal  bank, 
which  rose  5  in  25  in  the  cross  section,  to  show  how  little 
laying^  on  one  side  would  affect  her  safety,  owing  to  the 
centre  of  gravity  being  placed  so  near  to  the  ground.  The 
carriage  was  subjected  to  the  roughest  usage,  by  running 
her  over  tools  of  various  kinds  laid  in  her  way,  and  it  was 
asserted  that  this  model  run,  in  the  space  of  eight  days,  250 
miles,  without  any  fresh  packing  or  repair. 

Patent  Steam  Carriage  Machinery,  by  W.  H.  James^  of 

Thavies  Inn^  Holborn.   1834. 

Instead  of  actuating  the  several  wheels  of  a  carriage 
with  a  single  engine,  as  heretofore,  Mr.  James  adapts 
separate  engines  to  each  wheel.  These  engines  are  of 
small  and  equal  dimensions,  and  have  their  steam  sup- 
plied with  pipes  connected  with  the  boiler,  situated  in  a 
convenient  part  of  the  carriage.  The  object  of  the  pa- 
tentee in  employing  separate  engines  is,  that  each  wheel 
may  have  a  motion  independent  of  any  of  the  other 
wheels,  so  that  their  powers  or  velocities  may  be  varied 
at  pleasure,  which  is  essential  in  passing  round  curves,  or 
turning  corners  of  the  road ;  because  (as  is  well  under- 
stood) when  a  carriage  moves  in  the  arc  of  a  circle,  the 
outer  wheel  moves  over  a  greater  space  of  ground  than 
the  inner  wheel,  consequently  rendering  it  necessary  that 
the  engine  connected  with  the  outer  wheel  should  be  made 
to  work  so  much  faster  than  the  engine  connected  with  the 
inner  wheel.  This,  Mr.  James  effects  by  a  very  simple  con- 
trivance; he  causes  the  fore  axletree  to  be  connected  with 
a  stop-cock  placed  in  the  main  pipe,  through  which  the 
steam  passes  from  the  boiler  to  the  respective  engines ;  this 
stop-cock  is  so  constructed,  that  when  the  fore  axletree 
stands  at  right  angles  to  the  perch,  (-t.  e,  when  the  carriage 
is  proceeding  in  a  straight  line,)  it  admits  equal  quantities 
of  steam  to  each  engine;  but  whenever  the  axletree  stands 
obliquely  to  the  perch,  (as  in  making  curves  in  the  road,) 
it  causes  the  stop-cock  to  admit  a  greater  quantity  of  steam 
to  the  engine  connected  with  the  outer  wheel,  so  as  to  cause 
that  wheel  to  revolve  faster,  and  a  diminished  quantity  to 
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the  engine  connected  with  the  inner  wheel,  so  as  to  make 
it  revolve  slower, in  exact  proportion  to  the  curve  around 
which  the  carriage  ia  moving. 
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Upon  roads  of  moderate  elevation,  Mr*  James  applies 
separate  engines  to  each  of  the  hind  wheels  only;  but 
upon  roads  that  have  greater  ascents,  he  employs  four 
engines,  that  is,  one  to  each  wheel ;  and  thus  he  obtains  a 
greater  degree  of  resistance  or  friction  upon  the  surface 
passed  over.  In  ordinary  roads,  however,  Mr.  James 
considers  that  two  engines  will  be  sufficient,  because  it  is 
not  required,  on  thu  principle^  that  the  wheels  shall  be 
thrown  out  of  gear,  and  in  passing  round  curves  they  may 
be  kept  constantly  in  action;  thus  the  amount  of  friction 
against  the  road  will  be  preserved  tolerably  uniform, 
which  is  of  course  very  important  in  propelling  a  carriage 
in  the  precise  line  required;  if,  under  any  circumstance, 
as  in  passing  down  hills,  it  may  be  advisable  to  lock  one 
of  the  hind  wheels,  it  may  be  performed  as  in  other  car- 
riages, by  putting  on  a  drag. 

From  what  we  have  already  said,  we  think  the  advan- 
tages resulting  from  the  employment  of  a  separate  engine 
to  each  wheel  must  be  apparent.  The  next  consideration 
was,  to  give  each  wheel  an  independent  rotatory  motion, 
without  the  necessity  of  employing  fly-wheels;  this  Mr. 
James  produces  by  having  two  small  cylinders  to  each 
engine,  as  shown  in  fig.  1,  (which  we  shall  presently  de- 
scribe). Without  such  an  arrangement,  in  passing  over 
rough  or  loose  ground,  or  in  the  ascending  of  steep  hills, 
the  impulse  given  to  the  carriage  would  frequently  not  be 
sufficient  to  carry  the  engines  over  their  centres. 

.The  next  object, — which  has  been  considered  as  one  oP 
almost  insurmountable  difficulty,  that  of  putting  the 
whole  of  the  machinery  upon  springs,  so  as  to  prevent 
any  injurious  consequences  to  the  acting  parts  from  con- 
cussions, and  likewise,  at  the  same  time,  to  allow  of  the 
perfect  and  uniform  operation  of  the  engines  upon  the 
running  wheels,  when  passing  over  rugged  surfaces, — Mr. 
James  effects  by  causing  the  engines  and  their  frame-work 
to  vibrate  altogether  upon  the  crank-shafts,  as  a  centre; 
at  the  same  time  connecting  these  engines  to  the  boiler 
and  exit  passages,  by  means  of  hollow  axles  moving  hi 
stuffing-boxeS;  w.hich.  together  with  the  body  of  the  car- 
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riage,  is  suspended  upon  the  springs;  these  springs  rest 
upon  the  axletrees,  as  will  be  understood  by  an  attentive 
examination  of  the  figures,  (especially  fig.  3,)  which  we 
shall  now  proceed  to  explain. 

Fig.  1,  is  a  plan  of  the  machinery  of  a  carriage,  as  ap- 
plied to  the  hind  wheels.  Fig.  2,  is  a  cross  section,  giving 
an  end  view  of  the  boiler  and  the  pranks,  showing  the 
,  manner  in  which  the  former  is  suspended,  its  mode  of 
attachment  to  the  body  of  the  carriage,  and  the  situation 
of  the  springs  on  which  it  rests.  Fig.  3,  is  a  longitudinal 
section,  giving  a  side  view  of  the  machinery  as  attached 
to  the  running  wheels;  similar  letters  of  reference  apply 
to  the  corresponding  parts  in  each  of  the  figures. 


Fig.  I,  a  a  represent  the  boiler  suspended  to  the  frame* 
work  b  b  b  b  above,  which  frame-work  is  firmly  attached 
to  the  body  of  the  carriage  c  c  c  c,  and  forms  its  support; 
d  d  the  axletree,  the  form  of  which  is  best  seen  in  fig.  2y 
has  four  supports  e  e  e  e;  the  axles  of  the  running  wheels 
fj\  are  fixed  thereto,  and.  are  connected,  in  one  piece, 
with  each  of  the  crank  shafts  g  g;  hy  which  each  of  the 
wheels  is  made  to  revolve  independently  of  the  others. 
Each  of  the  engines  has  two  cylinders  h  A,  which  operate 
by  their  piston  rods  upon  the  cranks ;  to  these  separate 
engines,  steam  is  supplied  from  the  boiler  a  a,  by  means 
of  the  pipe  Ar,  which  enters  at  the  stop-cock  6,  into  the 
steam  box  m;  from  this  box  the  steam  passes  into  the 
pipes 72  n,  which  move  steam-tight  through  stufiing  boxes; 
from  thence  the  steam  proceeds  through  the  pipes  o  0  0,  to 
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the  slide  hoxesp  ppp,  the  slides  being  worked  by  eccen- 
trics 9  9  9  99  on  the  crank-shafts,  in  the  usual  manner,  and 
from  thence  to  the  cylinders.  The  exhaustion  pipes  r  r, 
lead  into  the  hollow  axles  n  n,  before  described,  in  which 
there  are  partitions  s  s,  to  separate  the  steam  from  the 
exit  passages,  which  pass  through  the  said  hollow  axles 
to  the  boxes  1 1 ;  from  which  there  are  pipes  u  Uy  leading 
into  the  chimney  r,  shown  in  section.  The  rods  x  x,  are 
attached  ta  the  fore  axle  of  the  running  wheels,  and  also 
to  the  two  handles  of  the  cock  /,  so  t]iat  the  fore  axle  and 
the  cock  move  simultaneously,  and  parallel  to  each  other. 
z  z  represent  part  of  the  frame-work  extended,  for  tying 
the  engines  together  by  means  of  a  connecting  bolt;  and 
so  as  k>  allow  the  body  of  the  carriage  to  have  a  slight 
lateral  motion  upon  its  springs,  independently  of  the 
engines,  by  means  of  the  hollow  axlgs  sliding  longitudi- 
nally through  the  stuffing-boxes. 

In  the  preceding  account,  we  have  given  the  substance 
of  Mr.  Jameses  ^peciBcation ;  and,  although  it  contains 
much  novel  and  valuable  matter,  he  limits  his  claim  of 
patent-right  to  the  following  points  only,  which  we  add 
verbatim: — 

'^  I  have  herein  described,  for  the  perfect  understanding 
of  my  invention,  the  general  construction  and  operation 
of  a  steam  .carriage  to  be  actuated  upon  my  improved 
principles;  but  I  do  not  mean  to  confine  myself  to  this 
particular  construction  or  adaptation  of  parts,  as  my  in- 
vention consists  simply  and  exclusively  in  adapting  dis- 
tinct steam  engines  to  the  several  wheels  upon  which  the 
carriage  runs,  for  the  purpose  of  actuating  such  several 
wheels  independently  of  each  other,  whatever  may  be  the 
number  of  wheels  so  employed,  or  whatever  may  be  the 
construction  or  position  of  the  steam  engines  and  their 
appendages  so  adapted,  or  whatever  may  be  the  form  of 
the  carriage  to  be  propelled." 

We  shall  have  occasion  farther  on  to  give  an  account  of 
some  experiments  made  with  carriages  on  this  construc- 
tion, in  the  order  of  their  date. 
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Patent  Steam  Carriage^  by  Mr.  Goldsworthy  Oumejfj  of 
ArgyU  Street,  London.    1826. 


Mr.  Gumey  has  done  more  in  experimental  trials  than  any 
oilier  individual,  owing  probably  to  his  having  had  greater 
fluids  placed  at  his  disposal;   it  must  also  be  admitted. 
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that  he  has  succeeded  in  making  more  e:itended  journeys 
at  the  speed  of  ordinary  stage  coaches  than  his  contem- 
poraries. There  is,  however,  nothing  new  in  his  mode  of 
propelling,  and  that  degree  of  success  which  has  attended 
bis  efforts,  we  rather  attribute  to  his  application  of  the 
light  tubular  boiler,  described  at  page  395.  The  annexed 
popular  description  of  the  construction  of  the  carriage 
represented  in  the  preceding  page,  is  extracted  from  a 
weekly  periodical,  with  some  slight  curtailments. 

The  carriage  is  constructed  for  accommodating  six 
inside  and  fifteen  outside  passengers,  independently  of  the 
guide,  who  is  also  the  engineer.  In  front  of  the  coach  is 
a  very  capacious  boot,  while  behind,  that  which  assumes 
the  appearance  of  a  boot,  is  the  case  for  the  boiler  and 
the  furnace,  from  which  no  inconvenience  is  experienced 
by  the  outside  passenger,  although,  in  cold  weather,  a 
certain  dei^ree  of  heat  may  be  obtained,  if  required.    The 
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length  of  the  vehicle,  from  end  to  end,  is  fifteen  feet,  and 
with  the  pole  and  pilot  wheels,  twenty  feet.  The  diameter 
of  the  hind  wheels  is  five  feet;  of  the  front  wheels,  three 
feet  nin<B  inches;  and  of  the  pilot  wheels,  three  feet. 
There  is  a  treble ,  perch,  by  which  the  machinery  is  sup- 
ported, and  beneath  which  two  propellers,  in  going  up  a 
hill,  may  be  set  in  motion,  somewhat  similar  to  the  action 
of  a  horse*s  legs  under  similar  circumstances^  which  assist 
in  forcing  the  carriage  to  the  summit. 

In  descending  a  hill,  there  is  a  break  fixed  on  the  hind 
wheel,  to  increase  the  friction ;  but,  independently  of  this, 
the  guide  has  the  power  of  lessening  the  force  of  the 
steam  to  any  extent,  by  means  of  the  lever  at  his  right 
hand,  which  operates  upon  the  throttle  valve^  and  by 
which  he  may  stop  the  action  of  the  steam  altogether,  and 
effect  a  counter  vacuum  in  the  cylinders.  By  this  means 
also  he  regulates  the  rate  of  progress  on  the  road.  There 
is  another  lever  by  which  he  can  stop  the  vehicle  instanterj 
and  in  a  moment  reverse  the  motion  of  the  wheels,  so 
as  to  prevent  accident,  as  is  the  practice  with  the  paddles 
of  steam  vessels.  The  duty  of  the  guide,  who  sits  in  front, 
is  to  keep  the  vehicle  in  its  proper  course,  which  he  does 
by  means  of  the  pilot  wheels  acting  upon  the  pole. 

The  total  weight  of  the  carriage  and  all  its  apparatus 
is  estimated  at  one  and  a  half  tons,  and  its  wear  and  tear 
of  the  road,  as  compared  with  a  carriage  drawn  by  four 
horses,  as  one  is  to  six.  The  engine  has  a  twelve-horse 
power,  but  may  be  increased  to  sixteen ;  the  actual  power 
in  use,  except  in  ascending  a  hill,  is  eight  horses. 

Piff*  I9  gives  a  side  view  of  the  machine;  a,  the  guide 
and  engineer,  to  whom  the  whole  management  of  the  ma- 
chinery and  conduct  of  the  carriage  is  entrusted.  Besides 
this  man,  a  guard  will  be  employed,  whose  duty  it  will  be 
to  look  after  the  luggage  and  passengers;  6,  the  handle, 
which  guides  the  pole  and  pilot  wheels;  e,  the  pilot 
wheels ;  d,  the  pole;  €,  the  fore  boot,  for  luggage  ;  /,  the 
throttle  valve  of  the  main  steam  pipe,  which,  by  means  of 
the  handle,  is  opened  or  closed  at  pleasure,  the  power  of 
the  steam  and  the  progress  of  the  carriage  being  thereby 
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i-eguiated,  from  one  to  ten  or  twenty  miles  per  hour ;  g^  the 
tank  for  water,  running  from  end  to  end,  and  the  full  breadth 
of  the  carriage;  it  will  contain  sixty  gallons  of  water; 
ky  the  carriage,  painted  claret  colour,  and  lined  with 
cloth  of  the  same  hue,  capable  of  holding  six  inside  and 
twelve  outside  passengers;  t,  the  hind  boot,  containing  the 
boiler  and  furnace ;  it  is  encased  with  sheet  iron,  and  be- 
tween the  pipes  the  coke  and  charcoal  are  put,  the  front 
being  closed  in  the  ordinary  way  (as  seen  in  fig.  2.)  with 
an  iron  door.  The  pipes  extend  from  the  cylindrical  re- 
servoir of  water  at  the  bottom,  to  the  cylindrical  chamber 
for  steam  at  the  top,  forming  a  succession  of  lines  some- 
thing like  a  horse-shoe,  turned  edgeways.  The  steam 
enters  the  ^^separators'"  through  large  pipes,  and  is  thence 
conducted  to  its  proper  destination ;  k  it,  separators,  in 
which  the  steam  is  separated  from  the  water,  the  water 
descending  and  returning  to  the  boiler,  while  the  steam 
ascends,  and  is  forced  into  the  steam  pipes  of  the  engine  ; 
/,  the  pump,  by  which  the  water  is  pumped  from  the  tank^ 
by  means  of  a  flexible  hose,  to  the  reservoir  communicating 
with  the  boiler;  9it,  the  main  steam  pipe  descending  from 
the  ^^  separators,'' and  proceeding  in  a  direct  line  under 
the  body  of  the  coach  to  the  ^^  throttle  valve,"  and  thence, 
under  the  tank,  to  the  cylinders  ;  nn^  flues  of  the  furnace, 
four  in  number  ;  o,  the  perches,  of  which  there  are  three, 
conjoined,  to  support  the  machinery  ;  p,  the  cylinders,  there 
is  one  between  each  perch;  9,  valve  motion,  admitting 
steam  alternately  to  each  side  of  the  pistons ;  r,  cranks  ope- 
rating on  the  axle,  are  crotches  which,  as  the  axle  turns 
round,  catch  projecting  pieces  of  iron  on  the  boxes  of  the 
wheels,  and  give  them  the  rotary  motion — the  hind  wheels 
only  are  thus  operated  upon ;  «,  propellers,  used  as  the  car- 
riage ascends  a  hill ;  ^,  the  drag,  which  isapplied  to  increase 
the  friction  on  the  wheel  in  going  down  a  hill ;  this  is 
also  assisted  by  diminishing  the  pressure  of  the  steam,  or, 
if  necessary,  inverting  the  motion  of  the  wheels ;  k,  the 
clutch,  by  which  the  wheel  is  sent  round ;  1;,  the  safety 
valve,  which  regulates  the  proper  pressure  of  the  steam  in 
the  pipe ;  u;,  the  orifice  for  filling  the  tank  ;  this  is  done 
23.  3z 
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by  means  of  a  flexible  hose  and  a  funnel,  and  ocaapiMlMt 
a  few  secoads. 

Fig.  2,  exhibits  a  hack  view  of  the  carriage,  and  the 
perches  that  support  the  machinery,  not  here  introduced; 
a,  the  furnace  door;  c,  guagecock;d, bJowcoc|(|  A«,a^n 
pipes;//,  flues  to  furnace;  gg^  the  pipes  through  which  tb* 
water  is  propelled  from  the  separators  A  A*  into  the  boiler. 


Patent  Steam  Coach,  by  the  late  Mr.  David  GitrtUm. 
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JlltbAugh  tbib  wrritf^e  was  not  a^tuttlly  built  until  after 
Mr.  Gurney 's,  described  in  tbe  laat  ai^lele,  it  is  proper  la  ^ 
n'atic<^  that  tbcf  peciAiar  ittode  of  plrepelK^  herein  adopted 
vras  patented  by  Mr.  Gorddn,  serentem  aioatlis  priotto 
Mr.  Gurney's  pateiit  Six  months  after  the  seafitig  of  MK 
Gordon's  patent,  a  description  and  drawings  of  it  was  pub* 
lished  in  the  Register  of  Arts ;  after  that  time,  the  patenteeV 
arocations  prevented  him  froti^  condrti^cting  the  machine 
here  repre^^tdd,  ^Meh^i»sm  improf«d  modification  of  the 
former  carriage.  The  alterations  chiefly  coAdtst  in  placing 
the  propellers  in  the  fori^  part  of  the  carriage  instead  of 
behind  it ;  in  raising  them  from  the  gronfid  hy  means  of  a 
light  revolving  crank,  (baving  six  thronv^j  that  being  the 
number  of  propeller^enrployed,)  which  e#ects  the  operation 
with  greater  regularity,  and  by  much  simpl^ir  arrange- 
ments ifhan  by  th^  eccentrics  previously  used.  The  ma* 
diiitery,  generally,  is  also  much  simplified.  Instead  of 
this  for  met  ^aravaA'-shaped  vehicle,  there  are  to  be  accom- 
modations for  thi^  diiCi^ide'  passengers,  similar  to  those  in  * 
oui'  ordinary  sfa^ef  coadies;  but  the  inside  pasciengers  sird 
to  sit  in  a  row  Arcing  th^  fore  part,  in  an  apartment  much 
r^^embling  that  in  front  Of  a  French  diHgence^  similar  to 
th6' design  in  the  preceding  pa^e. 

The  carriage  runs  upon  only  three  wheels,  one  in  fi^dnt, 
aiftl  two  behind,  and  each  of  tbMi  have  a  separate  axle. 
The  latter  Cireitbistairlce  affords  a  great  advantage  ill  the 
hind  pai^t  of  the  cat*riage,  where  the  two^  wheels' are 
oppositb  to  each  other  ;  there  being  no  dross-axTe,  ani  in- 
creased capacity  is^obtalnedf  in  tbe  body  (»f  the  carria^d, 
exceedingly  useful  i  tt  tfl^stblvlit^  of  heavy  goodsin  ordinary' 
cases;  but  aafirow  employed' for  locdthotibn  by  steafmj  OJT 
great  convenience,  as  a^dfeposltbry  for  fii^l'abd  Water.  The 
wheels  rolFjierpentftcttbi^  on  tbeiv  ax ^^' between  strong 
parallel' bar^,  wfaidif^'becotne  the  bearing|inof>  the'a.tes;  a 
considerabledeg^^dffriction'iif  thus  avoided  ;  while  thb 
singl^^  wh¥fel^  in  flront  gives  a  greafter^  (facility  of  turnTing, 
and^in  a  lessrspace,  than  coach^  having- two  fore  Wheels. 
This  peculiar  constrHiction  ofi  tb«  b6dy  of  a  carriage  is  a 


biO  OOROON^S    PATBITT 

distinct  patent  of  Mr.  Gordon^  antecedent  to  tbat  fur  the 
propelling  apparatus  now  under  consideration. 

The  engines  and  Other  machinery  rest  entirely  upon  the 
springs  of  the  carriage,  to  preserve  them  from  the  injurious 
effects  of  the  concussions  made  hy  the.  wheels  upon  loose 
stones  or  other  obstacles  lying  on  the  surface  of  the 
road. 

In  the  body  of  the  carriage,  connected  with  the  pistoa 
rods  of  the  engine,  is  a  six-throw  crank ;  to  these  throws 
or  arms  are  attached  the  propellers,  which  by  the  revo- 
lution of  the  crank  are  successively  forced  out  against  the 
ground  in  a  backward  direction,  then  drawn  up  again,  pre* 
cisely  in  the  manner  of  the  hind  legs  of  a  horse.  The  rods 
are  formed  of  iron  tubes  filled  with  wood,  to  combine 
lightness  with  great  strength.  To  the  ends  of  these  rods 
are  attached  what  may  be  considered  as  substitutes  for 
horses'  feet,  although  their  form,  being  the  segments  of 
circles,  is  very  different.  They  press  against  the  ground 
by  a  rolling  kind  of  motion,  causing  a  sufficient  adhesion 
to  the  surface  without  digging  it  up,  and  adapt  themselves 
to  any  turn  of  the  carriage.  The  under  part  of  these  feet 
is  formed  into  short  strong  brushes,  supported  by  iron 
teeth,  that  the  latter  might  take  effect,  in  the  event  of  the 
other  part  failing. 

In  going  down  a  hill,  these  propellers  are  lifted  off  the 
ground  by  the  guide  at  pleasure,  so  that  the  carriage  pro* 
ceeds  entirely  by  its  own  gravity ;  if  the  descent  should  be 
steep,  or  the  motion  too  rapid,  the  guide  then  makes  use 
of  a  break,  by  which  the  motion  can  be  retarded,  or  en- 
tirely stopped.  If  the  carriage  be  proceeding  upon  a  levels 
the  lifting  of  the  propellers  alone  stops  the  carriage  gra- 
dually, but  quickly,  if  ascending  an  inclined  plane.  This 
application  of  the  propellers  affords  also  a  very  facile 
means  of  making  a  turn  in  the  road,  simply  by  lift- 
ing them  on  one  side,  and  allowing  them  to  act  oq 
the  other,  which  is  done  by  the  mere  pulling  of  a  cord; 
the  guide  has  also  the  power  of  producing  the  same  effect 
by  turning  a  lever  in  front  of  him,  which,  by  means  of  a 
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pinion,  operates  upon  a  toothed  sector  on  the  circular 
frame  that  surrounds  the  front  wheel ;  either  of  these  modes 
may  be  employed,  or  both  of  them  in  conjunction ;  thus 
very  great  facilities  are  afforded,  for  making  quicb;  4nd 
sudden  turns  in  the  road. 

In  countries  where  sledges  are  used,  for  travelling  over 
snow,  the  machine  may  be  placed  upon  skates,  and  the 
feet  of  the  propellers  be  shod  with  suitable  iron  teeth. 

The  preceding  engraving  represents  a  side  elevation  of 
the  machine,  a,  the  end  of  the  boiler;  fr,  the  flue;  c,  an 
apartment  for  the  engineer  to  attend  the  fire,  and  regulate 
the  machinery,  which  apartment  contains  a  store  of  water, 
coke,  &c. ;  d,  external  connecting  rod  (on  each  side  of  the 
carriage)  that  unites  the  driving  cranks  of  the  propellers 
to  the  small  lifting  cranks  within  the  carriage ;  «,  being 
the  axis  of  the  driving  cranks;  andy^  the  axis  of  the 
lifting  cranks ;  9,  the  apartment  for  the  inside  passengers, 
which  has  glazed  windows  in  front ;  A,  the  seats  for  the 
outside  passengers ;  t,  the  conductor,  who  guides  the  car- 
riage by  means  of  four  cross  levers,  turning  a  small  pinion 
of  seven  teeth,  that  work  in  a  toothed  sector,  fixed  on  the 
periphery  of  the  circular  frame;  ppy  propellers,  of  which 
the  whole  six  are  brought  into  view ;  8  «,  the  straps  or 
ropes  by  which  the  propellers  are  successively  lifted  from 
the  ground. 

Having  given  a  general  description  of  the  carriage 
from  its  external  appearance,  we  proceed  to  explain  the 
internal  machinery  by  which  the  propulsion  is  effected. 

In  the  fore  part  of  the  carriage,  and  centrically  between 
the  driving  and  lifting  cranks  of  the  propellers,  are  placed 
the  steam  engines ;  these  consist  of  two  brass  cylinders,  in  a 
horizontal  position,  which  vibrate  upon  trunnions ;  and  the 
latter  being  hollow,  form  the  induction  and  eduction  pas- 
sages for  the  steam.  The  piston  rods  of  the  cylinders  are 
attached  to  two  distinct  throws  of  the  driving  crank,  placed 
at  right  angles  with  respect  to  each  other,  so  that  the  vi« 
brations  of  the  cylinders  admit  of  the  piston  rods  following  , 
the  revolution  of  the  crank.  Thus  there  are  eight  throws 
to  the  driving  crank  ;  viz.  two  for  -the  cylinders,  and  six 
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for  the  propellen,  turuini^  upon'  the  sttraa  axia^  but'  upon' 
nine  diBtinct  bearings  (tvo  to  each  throw)  on  the  fttrme 
work  of  the  c&rrisge.  The  force  of  the-steamenginesgaiiil 
the  rotnry  motion  of  the  driving' crankiarecomiRUoicaled 
to  the  lifting  crank  by  ni«>ans  ofi  cobnecting  rods,  on  the 
outside  ofi  the  carriage  (as  exhibited  in  the  elevation  of 
the  machine  in  our  lastnuniber,  andby  the  snbjoined  plan 
fig.  2) ;  and  the  arrangement  is  such,  that  the  throws  of 
each  respective  crank  are  always  parallel  to  each  other. 
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Iteferen^e  to  fig.  2. — This  diagram  represents  a  plan  of 
the  machinery  in  the  fore  part  of  the  carriage ;  kk^  are  the 
eight  throws'  of  the  driving  crank,  the  axis  of  which  turns 
in  pluinmer  blocks  fixed  on  the  wooden  frame  of  the  car- 
riage; b  by  the  six  throws  of  the  lifting  crank,  the  extre- 
mities of  whose  axis  are  connected  to  the  ends  of  the  axis 
of  the  driving  crank  by  means  of  the  rods  d  d.  ppj  are  the 
feet  of  the  propellers,  connected  by  their  rods  o  o,  to  the 
driving  crank;  and ««,  are  the  double  straps  by  which  the 
feet  q{  the  propellers  are  attached  to  the  lifting  crank. 
Theateam  is  brought  on  from  the  boiler  (situated  at  the 
back  part  of  the  carriage)  by  the  pipe  r  r,  and  passing 
through  a  breeches  piece  enters  the  cylinder  nn,  by  the 
hollow  trunnions  t  f,  on  which  they  vibrate;  the  steam 
passes  out  of  each  cylinder  through  the  opposite  trunnions, 
and  escapes  by  the  pipe  v,  to  the  condenser.  The  ex- 
ternal diameter  of  each  cylinder  is  five  inches.  The 
boiler  nsed  in  this  carriage  is  one  of  Mr«  Giirney's  patent 
construction. 

It  will  be  perceived  that  there  are  three  throws  to  the 
driving  crank  on  each  side  of  the  carriage ;  on  one  side 
they  radiate  from  the  axis  at  120  degrees  apart ;  they  are 
the  same  on  the  opposite  side,  but  so  posited  us  to  come  in- 
termediate  with  the  throws  of  the  former ;  that  is,  when 
the  crank  is  viewed, eiid^ways,  all  the  six  throws  appear 
uniformly  at  mfy  degrees  apart.  This  arrangement  is 
essential  to  the  proper  action  of  the  propellers,  which  is, 
that  when  a  propeller  on  one  side  has  been  thrust  out, 
another  propeller  on  the  opposite  side  riiall  succeed  its 
movement,  instead  of  an  adjoining  one.  The  action  of 
these  propellers,  which  we  have  seen,  is  very  beautiful ; 
a  more  uniform  and  perfect  movement  cannot  well  be  de- 
vised by  simpler  means.  The  annexed  diagram,  fig.  3, 
will  afford  a  clear  idea  of  their  action. 

The  large  crank  on  the  left  shews,  at  1,  3,  5,  the  three 
throws  of  the  driving  crank  on  one  sideof  the  carriage ;  and 
the  small  crank  on  the  right,  the  same  of  the  lifting  crank ; 
the  rcspectire  throws  of  each  crank  are  parallel,  and  they 
continue  so  by  revolving  together;  ibf^  figures  2,4,6,  in* 
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termediate  between  the  throws  of  each  crank,  mark  the 
situation  of  these  throws  on  the  opposite  side  of  the  car- 
riage. It  will  now  be  seen  that  the  propeller  marked  I, 
is,  by  the  position  of  the  crank,  bcin^  just  lifted  from  the 
gpround,  While  that  marked  2,  (which  is  on  the  opposite 
side)  would,  had  it  been  drawn  in,  be  just  commencing  its 
operation ;  then  3  on  this  side,  falls  into  the  position  of  2 
and  1  ;  then  4  on  the  other  side  follows,  and  in  like  man- 
ner, 5  and  6.  Thus  by  the  revolution  of  the  cranks,  the 
feet  of  the  propellers  are  made  to  describe  an  ellipsis ;  they 
first  touch  at  the  heel^  and  by  their  curved  figure  roll 
round  to  the  toe,  (as  the  carriage  is  thrust  forward)  when 
they  are  drawn  up;  although  this  must  be  their  motion,  it 
could  not  be  perceived  when  a  carriage  was  moving 
rapidly ;  they  would  appear  just  to  touch  the  ground,  at 
considerably  greater  distances  than  the  actual  space  be- 
Iween  the  propellers,  owing  to  the  impulse  given  to  the 
carriage, -hy  each  successive  push. 

It  has  been  stated,  that  if  one  of  these  propellers  were 
to  be  forced  against  the  perpendicular  side  of  a  stone 
firmly  imbedded  in  the  road,  a  breakage  of  the  propeller 
must  be  the  result ;  but  it  appears  to  us,  that  if  the  propel- 
lers are  as  strong  a:j  their  construction  would  lead  us  to 
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suppose  they  are,  the  only  efiect  of  such  a  circumstance 
would  be  to  give  the  carriage  an  increased  impetus. 

The  power  required  to  give  motion  to  a  carriage,  is  in 
proportion  to  the  force  of  gravitation  which  keeps  it  at 
rest.  When,  however,  that  force  is  overcome,  the  mo- 
mentum given  would  be  continued,  but  for  the  friction 
and  the  resistance  of  the  bodies  moved  through.  This 
will  account  for  the  rapid  travelling  of  our  ordinary 
stage-coaches;  the  momentum  having  been  given,  the 
force  requisite  to  continue  their  motion  is  comparatively 
small.  In  Mr.  Gordon's  locomotive  carriage,  the  impulse 
is  given  under  nearly  similar  circumstances  to  those  of 
stage-coaches  drawn  by  horses;  consequently,  the  effect 
will  be  nearly  the  same.  A  carriage  was  constructed  on 
the  aforesaid  plan,  and  some  experiments  made  with  it, 
which,  though  not  so  successful  as  was  expected,,  proved 
the  feasibility  of  the  project ;  the  steam  power  provided 
was  found  inadequate  to  produce  the  required  velocity  of 
motion. 

Patent  Steam  Carriagey  by  Mr.  Goldsworthy  Gumey^  of 

Argyk  Street.    1828. 

The  following  is  a  description  of  Mr.  Gurney's  more 
recent  combinations,  which  have  formed  the  subject  of  a 
second  patent,  in  18S8.  The  new  carriage  differs  but 
little  from  the  former  one  in  its  external  appearance ;  by 
a  reference  to  the  description  of  which,  fifhilst  perusing 
the  subjoined  account  of  the  new  afrangements,  the  reader 
will  be  able  to  form  a  correct  idea  of  the  whole.  The 
principal  novelties  are  the  following: — 

The  coachman,  or  conductor,  occupies  the  front  seat 
over  the  fore-boot  of  the  carriage,  the  lower  seat  being 
removed.  The  four  chimneys  of  the  former  carriage  are 
substituted  for  a  single  one  of  great  width.  The  water- 
tank,  instead  of  being  above  the  perch,  and  extending  the 
whole  length  of  the  carriage,  is  now  placed  below  the 
perch,  and  lies  between  the  fore  and  hind  wheels.  The 
propellers  are  removed  entirely.  A  blowing  machine  is 
introduced,  for  maintaining  a  sharp  draught  in  the  fur* 
24.  4  A 
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nace,  which  is  worked  by  a  separate  cylinder  from  those 
employed  in  propelling  the  carriage.  A  mode  of  heating 
the  water  before  it  is  admitted  into  the  boiler,  and  ao  ad- 
ditional  force-pump  unconnected  with  the  engine,  to  be 
worked  by  hand,  to  throw  in  an  increased  supply  of  water 
into  tlie  boiler  whenever  /leeded,  are  also  adopted. 

The  coach,  in  its  form  and  accommodations,  bears  a 
close  resemblance  to  the  stage-coaches  at  present  in  use. 
It  has  a  fore  and  hind  boot,  on  which  are  seats  for  the 
passengers,  and  a  box  in  front  for  the  coachman,  with 
room  for  a  passenger  beside  him.  The  body  of  the  car- 
riage is  supported  upon  three  parallel  perches,  extending 
its  whole  length;  the  hinder  part  hangs  upon  springs, 
fixed  upon  the  perches,  immediately  over  the  axis  of  the 
hind  wheels,  and  the  fore  part  is  placed  upon  iron  sup- 
ports on  the  perches.  The  carriage  runs  upon  six  wheels, 
a  small  pair,  called  the  pilot*wheels^  being  placed  in  front 
for  guiding  the  vehicle;  these  are  connected  to  the  ordi- 
nary fore  wheels  of  the  carriage  by  a  small  curved  perch, 
which  admits  the  axle  of  the  former  being  placed  oblique 
to  the  latter,  by  the  turning  of  a  lever,  fitted  on  to  the 
upper  extremity  of  an  upright  spindle,  which  is  attached 
to  the  axletree.  The  hinder  extremity  of  this  small  p^rch 
is  attached  to  an  iron  frame  supported  upon  springs,  that 
are  fixed  on  the  axletree  of  the  fot*e  ii^heels;  a  little  be- 
fore the  axletree,  a  strong  pin  passes  through  the  small 
perch  and  the  centre  main  perch^  which  served  as  a  centre 
of  motton  to  the  small  perch,  ao  that  the  pilot-wheels 
being  placed  obliquely,  the  perch  turns  lipob  the  pin,  and 
the  fore  wheels  of  the  canriage  with  it.  When  not  acted 
upon  by  the  steering  lever,  the  pilot^wheels  are  main- 
tained at  right  angles  to  the  perch  by  mdans  of  springs. 

The  blowing  machine  is  placed,  as  beforementioned,  in 
the  fore  boot;  it  consists  of  a  fly  of  five  vanes,  that  re- 
volve on  a  vertical  spindle,  nimilar  to  a  winnowing  ma- 
chine, but  in  a  reversed  position ;  this  apparatus  is  worked 
by  a  small  horizontal  steam  cylinder  placed  beneath,  on 
the  frame  of  the  carriage.  The  piston  rod  of  this  cylinder 
is  connected  to  a  crank  on  the  axis  of  a  fly-wheel,  revol- 
ving in  a  horizontal  direction  above;  and  to  the  same 


STEAM  COACH.  647 

crank  is  attached,  by  an  intermediate  rod,  the  plunger  of  the 
force-pump,  which  injects  the  water  into  the  boiler.  The 
steam  engine  thus  drives  the  blowing  machine  and  the 
force-pump,  the  fly-wheel  serving  to  equalise  the  motions 
of  both.  The  connexion  between  the  blowing  machine 
and  this  steam  cylinder  is  thus  arranged :  on  the  vertical 
axis  of  the  fly-wheel  are  fixed  small  band-wheels  or  pul- 
leys, of  different  diameters,  and  on  the  vertical  spindle  of 
the  blowing  machine  are  fixed  other  pulleys,  which  being 
connected  to  the  former  by  an  endless  band,  are  driven 
round  with  them;  the  varied  sizes  of  the  pulleys  enabling 
the  engineer  to  force  the  air  through  the  machine  with 
any  required  rapidity.  The  air  enters  the  blowing  ma« 
chine  at  the  bottom  of  the  circular  box,  wherein  the  vanes 
revolve,  and  is  forced  out  at  the  side  into  a  broad  flat 
tube,  called  the  ^^air  passage,*'  which  leads  under  the 
body  of  the  coach  into  the  ash-pit  of  the  furnace. 

This  boiler,  which  is  placed  in  the  hind  boot,  consists  of 
.  two  or  three  series  of  pipes  of  an  inch  bore,  bent  into  the 
form  of  a  horse-shoe,  and  supporting  the  fire-grate  at  their 
upper  and  lower  extremities,  with  two  horizontal  tubes 
of  larger  dimensions,  into  which  the  open  ends  of  the  be- 
fore-mentioned smaller  bent  tubes  enter  and  are  fixed; 
and  the  two  large  horizontal  tubes  are  connected  by  a 
series  of  ten  open  vertical  pipes.  The  whole  of  the  bent 
tubes,  the  lower  straight  horizontal  tube,  and  the  half  of 
the  upper  one,  (which  may  be  termed  a  steam  reservoir,) 
are  kept  filled  with  water.  From  the  top  of  the  steam 
chamber  proceed  two  curved  pipes,  which  enter  two  large 
vertical  tubes  of  strong  plate-iron,  strengthened  by  hoops 
externally;  these  last  are  called  separators;  they  com- 
municate at  their  lower  ends  with  the  boiler,  and  at  their 
upper  encb  by  a  connecting  tube,  from  which  a  branch 
enters  the  chimney,  and  passing  over  the  top  and  down 
the  back  of  the  furnace,  is  carried  through  the  air  pas- 
sage, along  through  the  fore  boot,  and  back  again,  as  far 
as  the  centre  of  the  carriage,  where  it  is  connected  with 
two  horizontal  cylinders,  firmly  secured  between  the 
main  perches,  and  serving  to  give  motion  to  two  cranks 
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OD  the  axis  of  the  hind  wheels^  by  which  means  the  car- 
riag^e  is  impelled. 

The  steam  is  worked  expansively,  being  shut  off  at  half 
the  stroke  by  means  of  a  slide  valve,  the  rod  cf  which  is 
worked  by  a  cam  on  the  axis  of  the  hind  wheels.  The 
slide  valves,  by  which  the  steam  is  admitted  to  the  cylin- 
ders, are  worked  by  a  lever,  on  the  axis  of  which  is  fixed 
an  elliptical  ring;  and  to  reverse  the  motion,  a  line  is 
attached  to  the  rod,  and  placed  within  reach  of  the  coach- 
man; by  palling  this  line,  the  pin  is  brought  into  the 
upper  notch,  and  the  motion  of  the  carriage  thereby  re- 
versed. 

Beneath  the  main  perches  is  placed  the  tank,  for  the 
supply  of  the  boiler;  it  communicates  (by  pipes  from  its 
lower  part,)  with  the  force-pump  beneath  the  fore  boot, 
and  also  with  a  small  forcer  placed  within  reach  of  the 
iire-man,  who  sits  behind  the  boilers.  Immediately  above 
the  tank  is  a  flat  vessel,  through  which  the  steam  passes 
from  the  eduction  pipe,  and  thence  by  another  pipe  into 
the  chimney. 

The  pipe  from  the  force-pump  passes  through  the  air- 
chamber,  and  forming  a  coil  above  the  horse-shoe  tubes, 
delivers  the  water  into  the  upper  part  of  the  steam  cham- 
ber. The  supply  from  the  pump  may  be  diminished  by 
partially  opening  a  small  cock,  which  allows  a  portion  ot 
water  to  return  to  the  tank. 

Any  part  of  the  preceding  account  that  may  appear  ab- 
struse to  the  reader,  will  be  rendered  perfectly  clear  by 
an  inspection  of  the  subjoined  engraved  vertical  sec- 
tion of  the  machine,  together  with  a  reference  to  the  fol- 
lowing explanatory  letters. 

a  a  a,  a  series  of  small  tubes,  in  twb  or  more  ranges, 
forming  the  boiler,  the  interior  range  serving  to  support 
the  fuel ;  these  tubes  are  connected  with  6  6,  two  larger 
tubes,  the  upper  one  forming  a  steam  chamber;  r^  one  of 
a  range  of  tubes  connecting  b  b  together;  d,  one  of  the 
two  separators,  connected  with  6  6  by  two  curved  pipes; 
e  6  e,  steam  pipe  proceeding  from  the  upper  part  of  the 
separator,  and  passing  down  through  the  chimney  and 
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beneath  the  body  of  the  carriage  into  the  fore  boot, 
whence  it  descends  to  /,  the  cylinders  which  propel  the 
carriage  by  means  of  cranks  9,  on  the  axis  of  the  hind 
wheels;  hy  an  eccentric,  which  works  the  slide-valve  i,  by 
a  lever  turning  on  its  centre,  and  to  the  extremities  of 
which  lever  an  elliptical  ring  i:,  is  attached ;  /  ^  a  line, 
fastened  at  one  end  to  an  eccentric  rod,  and  at  the  other 
end  to  a  short  lever  in  the  fore  boot,  which  may  he 
elevated  hymeans  of  the  lever  m;  this  raising  the  eccen- 
tric rod,  causes  the  pin  in  its  extremity  to  act  upon  ^e 
upper  side  of  it,  and  thus  reverses  the  motion  of  the  car- 
riage; n,  lever  for  regulating  the  throttle-valve  0;  p, 
eduction  pipe,  opening  into  a  flat  chamber  g,  in  which  tbe 
steam  expands,  and  thence  passes  through  the  waste  pipe 
r  r,  into  the  chimney  s  s;  t^  tank  for  water;  te,  force-pump, 
supplied  by  the  suction  pipe  v,  and  forcing  the  water 
through  the  pipe  x  x  Xy  (which  forms  a  coil  above  tie 
boilers,)  into  the  tubular  boilers  a  aU;  y,  a  stop-cock,  by 
which  the  supply  from  the  force-pump  is  regulated,  any 
requisite  portion  being  allowed  to  return  into  the  taoi^ 
z,  seat  for  the  fire-man;  1,  a  blowing-machine,  or  frame 
driven  by  bands  from  the  axis  of  the  fly-wheel  2,  which  is 
worked  by  a  small  engine  S,  serving  also  to  work  the 
force-pump  u;  4  4  4,  steam  pipe,  supplying  the  engine  3; 
5  5,  air-channel,  leading  from  the  blower  to  the  furnace; 
6,  guide- wheels,  which  may  be  placed  obliquely  to  the 
perch  8,  by  the  lever  7;  9,  centre  of  motion  on  which  tbe 
perch  8  turns,  thus  turning  the  fore  wheels,  on  the  axis  of 
which  are  springs  that  support  the  fore  part  of  the  coach; 
11,  force-pump,  to  supply  the  boilers,  in  case  the  water  is 
too  low  to  be  worked  by  the  fire-man. 

Patent  Steam  Phaetofiy  by  Dr.  Harland,  of  Scarboraugk. 

1828. 

The  improvements  contemplated  by  J9r.  Harland,  are 
stated,  in  his  specification,  to  consist,  first,  in  the  construc- 
tion of  a  boiler,  by  which  a  very  large  surface  of  the  fire 
and  flue  will  be  placed  in  contact  with  the  water,  for  the 
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rapid  prodaction  of  steam ;  secondly,  in  the  employment 
of  a  condenser,  which,  by  its  extensive  surface,  shall  con- 
dense the  steam  by  the  influence  of  the  atmosphere; 
thirdly,  in  a  mode  of  fixing  the  working  cylinder,  without 
allowing  it  to  vibrate  in  hollow  arms  or  trunnions. 

a  a,  represents  the  bed  of  the  carriage ;  b  1  and  b  2,  the 
boiler,  composed  of  two  double  cylinders,  6  1  containinc^ 
the  fire-gt*ate  and  ash-pit,  and  the  cylinder  6  2  containing 
another  double  cylinder ;  so  that  there  are,  in  fact,  three 
double  cylinders,  each  full  of  water,  and  communicating 
with  the  reservoir  and  steam  chamber  c,  which  must  be  of 
sufficient  capacity  to  keep  the  boilers  supplied  during  the 
period  of  one  stage,  and  so  that  they  be  always  full ;  d,  is 
the  chimney ;  €,  a  damper,  by  which  the  boiler  6  2,  may 
occasionally  be  withdrawn  in  part  from  the  action  of  the 
fire;  /,  is  a  spherical  vessel  on  the  top  of  the  reservoir, 
the  object  of  which  is  to  prevent  the  water  thrown  up 
with  the  steam  being  driven  with  the  steam  into  the  pipe 
jjT,  which  conveys  it  to  the  working  cylinder  k ;  this  cylin- 
der is  secured  horizontally  to  the  bed  of  the  carriage,  and^ 
having  guides  extending  from  end  to  end,  in  which  side- 
rods,  attached  to  the  cross  on  the  piston  rod,  move,  and 
carry  with  them  the  connecting  rod  i:,  which  turns  the 
crank  /;  this  crank  has  on  its  axis  a  toothed-wheel  m,  and 
revolves  on  bearings  placed  on  the  bed  of  the  carriage. 
The  carriage  receives  its  impulse  from  the  engine  upon 
the  hind  wheels;  the  axis  of  these  carry  small  tooth- 
wheels  II,  which  gearing  into  m,  receive  their  motion  and 
thereby  turn  round  the  running  wheels.  Arrangements 
are  made  by  the  patentee  for  throwing  the  toothed-wheels 
m  and  n  out  of  gear,  and  bringing  into  operation  another 
pair  of  wheels  on  the  same  axles,  when  additional  power 
is  wanted;  but  the  apparatus  for  this  purpose  is  not 
brought  into  view  in  the  engraving,  to  prevent  confusion. 
At  o  is  an  eduction  pipe,  leading  to  a  series  of  tubes  p, 
which  are  denominated  the  condensing  chambers,  and 
may  be  used,  either  alone  or  in  conjunctidn  with  water,  to 
condense  the  steam  on  leaving  the  cylinder;  g,  is  a  pipe 
for  conducting  the  hot  water  and  uncondensed  steam  into 
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into  a  globular  vessel  r^  connected  \f  ith  an  additional 
series  of  condensing  pipes  «,  of  an  annular  form^  and  con« 
nected  with  each  other  by  short  pipes ;  ^  is  a  pipe  for  re- 
turning the  condensed  water  from  r  to  the  boiler,  by  the 
aid  of  a  small  force  pump,  v  is  a  forked  rod  attached  to 
the  steering  wheel  x,  and  descending  into  boles  in  the 
arms  of  the  fore  wheels,  and  having  liberty  to  move  up 
and  down,  according  with  the  inequalities  of  the  road; 
the  vertical  standard,  upon  which  the  upper  steerihg 
wheel  X  is  fixed,  also  forms  the  centre  of  motion  to  the 
arms  of  the  fore  wheels,  and  is  thereby  made  to  direct 
them  in  their  course. 

The  advantages  contemplated  by  Dr.  Harland  in  theae 
arrangements,  will,  we  fear,  not  be  realised.  In  the  con« 
struction  of  the  boiler,  there  is  nothing  upon  which  we  can 
congratulate  him.  The  attempt  to  condense  the  sleam 
has  been  long  since  abandoned  by  those  who  have  had 
the  most  experience  on  the  subject;  it  is  evidently  imprac- 
ticable to  carry  sufficient  water  to  effect  even  a  tolerable 
condensation;  the  conducting  power  of  the  air  is  much 
too  slow  for  the  abstraction  of  the  heat,  and  it  should  be 
considered  that  the  air  which  is  liberated  from  the  boiling 
water,  would  require  a  pump  to  draw  it  off,  which  would 
add  complexity  to  the  machinery.  With  regard  to  the 
mode  of  fixing  the  cylinder,  it  differs  but  little  from  that 
adopted  by  Mr.  Gumey.  The  mode  of  communicating 
the  power  to  the  wheels  is  extremely  defective,  for  it  will 
be  observed  that  the  driving  toothed-wheels  m  are  (in 
effect)  mounted  upon  the  springs  of  the  carriage,  above 
the  driven  toothed- wheels  n,  by  which  means  they  will  be 
continually  liable  to  be  thrown  out  of  gear  by  the  motion 
of  the  carriage,  and  the  teeth  will  be  liable  to  break  from 
the  same  cause. 

Patent  Method  of  Propelling  Carriages j  by  Mr.  /.  Holland. 

London^  1828. 

This  invention  consists  in  the  application  of  an  arrange- 
ment of  levers,  similar  to  that  commonly  known  by  the 
name  lazy^tongSy  for  the  purpose  of  propelling  carriages. 

24.  4  b 
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The  objects  appear  ti>  be,  lo  deme,  from  the  reciprocating 
mofioo  of  a  short  lever,  a  considerable  degree  of  speedy 
and  to  obtain  an  abutment,  ag^ainst  which  the  propeller* 
should  ^t  horizontally  in  the  direction  of  the  notae*  of 
the  carriage,  instead  of  obli({«iely  to  that  nBotie%  as  is  the 
ease  when  carriages  are  impelled  by  levers  atrtkuig  the 
earth.  The  drawings  attached  to  the  specificatioa  seem 
designed  rather  to  explain  the  principle,  thaa  to  represent 
what  the  patentee  would  deem  an  eligible  form  of  ite  ap« 
plication^ 
a  is  one  of  the  main  wheels  of  the  carriage;  attached 
>  the  axle  is  a  long  guide-rod  b  6,  extending  befoce 
«nd  behind,  and  passing  through  holes  in  the  blodis  e  c, 
placed  over  the  beds  of  the  propelling  wheels  44%  €€  are 
double  palls,  acting  against  two  sets  of  ratchet  wheels  on 
the  boxes  of  4  4;  //  standards  attached  to  the  bedsi  cm* 
axles  of  d  d,  and  serving  to  place  thenic  in  any  required 
position,  by  means  of  the  wheels  at  the  top  of  them;  g  g  9i 
series  of  expanding  levers,  the  central  pair  playing  upon 
the  main  axle ;  A  A  a  pair  of  longer  bars,  connected  with 
the  two  bars  9  9  at  their  lower  endn,,  and  with  each  other 
at  their  upper  ends  by  a  bar^  shown,  by  <hotsy  between  two 
uprights;  the  fulcrum  /,  a  lever  conneded  by  a  rope  «, 
with  n,  a  counterweight,  siapported  by  two  short  bars  0  e, 
suspended  fbom  the  lower  ends  of  two  of  the  bars  gg*  p,  a 
ily- wheel,,  connected  with  the  uppcMr  extremities  of  the 
bars  k  k,  which  rise  and  fall  in  grooves,  in  the  upright 
post  9,  Ihefty  serving  to  eqnnUse  the  motion,  r  the  plat- 
fbrni  or  carriage. 

The  action  is  as  follows : — Suppene  the  apparatus  in  the 
position  shown  in  the  engraving ;  Mom  the  weight  n  to 
descend^  and  the  levers  g  g  will  eoUepse ;  hut  as  the  wheels 
4  4  can  only  revolve  in  the  direction  of  the  arrow,  on 
account  of  the  palls  e  e,  the  wheel  d  1  will  remain  sta- 
tionary, and  the  wheel  rf,  anl!^  Aa  maiit  wheel  »,  will  be 
drawn  towards  4  1.  On  rating  the  weight,  the  levers  g  g 
will  be  extended,  and  g  9  nofv  becoming  stationarj^  the 
centre  wheel  a  and  4  1,  will  be  puthid  Cor  ward  fsom  4  & 
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Several  of  the  before-mentioned  undertakings  to  con- 
struct locomotive  carriages  for  the  common  road  have 
either  ceased  or  been  suspended,  owing  to  a  deficiency  of 
funds  to  continue  their  experiments ;  other  undertakings 
have,  however,  been  commenced,  and  there  are  indications 
of  many  more  candidates  for  the  high  honour  of  accom- 
plishing this  greatest  of  all  mechanical  works.  Among 
those  which  have  been  suspended,  that  which  Sir  James 
Anderson  and  Mr.W.  U.  James  were  concerned  in,  we  have 
had  repeated  opportunities  of  observing  most  of  the  diflS- 
culties  successively  surmounted,  and  such  a  system  of 
machinery  introduced,  as  bids  fair  to  realise  success. 

It  was  in  March,  1S24,  that  Mr.  W.  H.  James,  of  the 
above  firm,  took  out  patents  for  a  steam  carriage,  the 
principal  arrangements  of  which  are  already  described  at 
page  529  ;  but  it  was  not  nntil  three  or  four  years  after- 
wards that  he  was  enabled  to  reduce  his  theories  to  prac- 
tice, by  the  construction  of  a  complete  machine,  the 
interim  being  chiefly  employed  in  the  constroetion  of 
boilers  and  engines  suited  to  locomotion  on  the  commom 
roady — a  task  found,  by  experience,  to  present  many  un- 
foreseen difficulties. 

Having  at  length  obtained  the  command  of  a  great 
power,  in  a  very  small  space,  embracing  perfect  safety 
from  explosion.  Sir  James  C.  Anderson,  Bart,  of  Butte- 
vant  Castle,  Ireland,  connected  himself  with  Mr.  James 
in  the  building  of  carriages.  Those  who  have  not  had 
the  opportunity  (like  us)  of  watching  the  progress  of  an 
undertaking  of  this  kind,  cannot  well  conceive  the  nume- 
rous delays  that  take  place,  from  various  causes,  unneces- 
sary to  explain.  For,  however  well  digested  the  leading 
arrangements  may  appear,  improvements  are  continually 
suggesting  themselves,  so  as  to  make  it  an  almost  constant 
doing  and  undoing,  for  a  considerable  period  of  time.  In 
a  machine  necessarily  consistiBg  of  numerous  parts,  many 
combinations  are  required  to  produce  certain  effects, 
which  have  never  been  tried,  and  whi^h  cannot  be  tried, 
until  the  whole  apparatus  be  put  together.  Let  the  reader 
now  reflect  what  is  the  nature  of  that  trial,  and  how  very 
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different  it  is  from  that  of  a  carriage  moving  upon  the^ 
Iiard  and  almost  perfect  plane  of  an  iron  railway,  which 
allows  the  wheels  to  roll  with  undeviating  regularity,  and 
with  only  a  very  slight  resistance.  On  the  common  paved 
and  gravelled  road,  the  varieties  of  the  surface  cause  a 
constant  succession  of  violent  concussions  and  vibrations 
of  the  machinery y"*  rendering  those  parts  that  are  connected 
liable  to  be  strained  or  broken,  and  those  that  work  near 
together,  to  strike  or  rub  against  each  other.  In  every 
experiment  some  defect  is  discovered ;  then  the  alteration 
of  one  part  generally  entails  the  alteration  of  another,  and 
each  successive  alteration  is  scarcely  made,  than  the 
active  mind  of  the  inventor  discovers  something  better, 
and  another  arrangement  of  parts  is  the  result.  Thus, 
while  improvement  su/cceeds  improvement,  time  proceeds, 
which  induces  those  persons,  who  know  nothing  what- 
ever of  the  subject,  but  who  wish  to  appear  sagacious,  to 
assert  success  to  be  impossible^  and  to  ridicule  every 
attempt  to  attain  it.  It  happens,  too,  sometimes,  that  de- 
terioration, instead  of  improvement,  takes  place  by  the 
successive  alterations,  and  thus  the  original  strongly-framed 
machine  gets  cut  to  pieces,  and  requires  numerous  patch- 
ings and  bracings,  that  do  not  confer  an  adequate  strength 
to  compensate  for  the  increased  weight. 

A  four-wheel  locomotive  carriage,  possessing  all  these 
disadvantages,  and  weighing  nearly  three  tons,  was 
started  on  the  5th  March,  1829,  on  Epping  Forest.  This 
ponderous  mass  of  iron  and  wood  was  provided  with 
two  working  cylinders  of  only  3|  inches  in  diameter,  the 
power  of  which  was  applied  to  the  hind-wheels.  The 
steam  was  supplied  by  two  tubular  boilers,  each  forming 
(by  the  arrangement  before  described)  a  hollow  cylinder, 
four  feet  six  inches  long,  with  an  internal  diameter  of  one 
foot  nine  inches,  where  the  fire  was  made.  With  this 
apparatus  the  carriage,  loaded  with  fifteen  passengers, 
was  propelled  several  miles  on  a  rough  gravelled  road, 
across  Epping  Forest,  with  a  speed  varying  from  twelve 
to  fifteen  miles  the  hour.  It  should  here  be  observed  that 
the  tubes  of  which  the  boilers  were  composed,  were  the 
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common  g€U  tubes^  in  which  the  seams  are  formed  by  brii^ 
ing  the  edges  together^  where  they  are  welded.  This  pro- 
cess of  wekliog  is  effecteii  by  machinery  with  great  rapidity, 
and  although  it  answers  very  well  for  cold  gas  at  the 
ordinary  pressures,  is  not  adapted  for  sustaining  the  pres- 
sure of  very  high  steam,  together  with  the  effects  of  the 
fire,  and  W4Ms  only  employed  in  the  present  instance  as  a 
temporary  experiment,  which  also  proved  its  inadequacy,  by 
theseaais  of  one  of  the  tubes  opening,  and  letting  the  water 
out  of  one  of  the  boileri^  extinguishing  its  fire  and  reducing 
the  intensity  of  the  other,  there  being  a  communication 
between  them,  'thua  circumstanced,  with  only  one 
boiler  in  operation,  the  carriage  returned  home,  at  the  rate 
of  about  sev^n  miles  an  hour,  carrying  more  than  twenty 
passengers, — at  one  period,  it  is  said^  a  much  greater  ntun- 
ber ;  shewing  that  sufficient  steam  can  be  generated  in 
such  a  boiler,  to  be  equal  to  the  propulsion  of  between 
five  and  six  tons  weight. 

In  consequence  of  this  flattering  demonstration  that  the 
most  brilliant  success  was  attainable,  the  proprietors  dis* 
mantled  the  carriage,  and  commenced  the  construction  of 
superior  tubular  boilers,  in  which  the  tubes  were  of  the 
aame  internal  diameter  (one  inch),  but  of  greater  strengtb, 
being  three-sixteenths  of  an  inch  thick,  and  the  seams  wel^ 
ded  with  a  good  overlap..  Her^e,  however,  a  new  souroe  of 
vexation  took  place,  from  the  proprietors  not  being  prac- 
tically experienced  in  the  quality  of  hron  proper  fior  such 
purposes,  which  should  be  either  the  very  best  charcoal 
iron,  or  a  qualky  similar  to  that  manufactured  by  Messrs. 
Adams,  of  *^  Wednesbury  Forge,"  and  distinguished  by 
the  term  be$t  .&ox^pteto,  being  used  for  making  the  wrought 
iron  boxes  to  coAch  wheels.  Iron  of  this  kind  is  so  exiceed- 
iogly  tough  and  malleable,  as  to '^  work  like  lead"  (assmiths 
atgnificantly  describe  it),  under  the  hammer.  The  ^^best 
London  scrap,"  the  ^^B  B,"  and  many  pthcr  3orts,  that 
are  reconimeiMied  by  dealers  as  of  ^^  superior"  quality,  are 
decidedJy  unfit  for /nakiog  tubular  high^peessure  boilers, 
whereia  ike  tubes  are  much  bent.  Evejrj  boiler  mantt- 
fiictiurad  by  Measrs.  Aadeison  and  Jamei)  pf  pther  hiada 
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of  iron  than  those  above  recommended  by  us,  failed  ;  that 
is  to  say,  fissures  were  either  opened  in  the  bending  of  the 
tubes  to  the  required  form,  or  were  subsequently  opened 
in  the  working  of  the  boilers,  so  as  to  render  them  unfit 
for  the  object  designed.  From  these  causes,  great  delays 
and  expenses  were  incurred,  and  it  was  not  until  the 
month  of  Noveipber  1829,  thatasmall  carriage  was  brought 
out,  represented  by  the  sketch  on  the  preceding  page. 

The  figure  exhibits  a  side  elevation,  and  from  its  dimi- 
nutive size,  (as  shown  by  the  scale)  was  not  intended  to 
carry  any  inside  passengers,  but  to  be  employed  to  drag 
another  carriage  behind  it.     The  boilers,  four  in  number, 
were  wholly  of  wrought-iron  tubes,  three-fourths  of  an 
inch  in  diameter  ;  and  although  on  the  same  principle  as 
Mr.  James's  boiler,  previously  described,  the  form  of  each 
(instead  of  circular,)  was  that  of  an  oblong  ellipse,  in  an 
upright  position,  for  the  purpose  of  getting  as  large  a 
surface  of  metal  as  possible  exposed  to  the  heat  of  the  fur- 
nace ;  as  by  this  arrangement,  nearly  two  hundred  tubes, 
measuring  upwards  of  four  hundred  feet,  were  inclosed 
in  a  space  four  feet  wide,  three  feet  long,  and  two  feet 
deep,   including  the  furnaces,   (which   were   inside   the 
boilers),  besides  the  flues  and  ash-holes.    The  steam  from 
each  of  the  boilers  was  conducted  into  one  very  strong 
tube  above,  of  an  inch  and  a  half  diameter,  to  supply  the 
engines;  each  of  the  pipes  of  communication  to  it  being 
provided  with  stop  cocks,  to  cut  off  the  communication  of 
any  boiler  that  might  become  unserviceable  by  leakage, 
without  afiecting  the  pressure  on  the  other  boilers.     The 
power  was  applied  through  the  medium  of  four  working 
cylinders,  which  might  be  considered  as  separate  engines, 
being  fitted  so  as  to  work  independently  of  each  other, 
although    they   might  more  properly    be   considered  as 
pairs,  each  pair  acting  upon  a  distinct  crank,  (the  throws 
of  which  were  at  right  angles  to  ei^ch  other,)  that  gave 
motion  to  its  respective  hind  wheel,   on  the  principle 
described  at  page  531.     These  cylinders  were  only  a  foot 
long,  three  inches  and  a  half  outside,  and  two  inches  and 
a  quarter  inside,  diameter;    the  pistons  were  metallic, 
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making  a  nine-iDch  stroke.  The  cylinders  were  posited 
vertically,  and  vibrated  upon  trunnions,  through  which 
were  made  the  induction  and  eduction  passages,  covered 
by  conical  valves,  forming  an  external  shell  to  the  trun* 
nions,  close  to  their  bearings  in  the  plummer  boxes. 

These  engines  were  arranged  at  a,  in  a  row  across  the 
carriage.  The  steam,  after  working  the  engines,  passed 
through  two  copper  tanks,  which  heated  the  water  therein 
to  such  a  temperature  above  boiling,  as  to  melt  the  soft 
solder  externally  upon  the  vessels,  and  rendered  it  neces- 
sary to  substitute  hard  solder;  the  steam  was  carried 
thence  to  the  chimney-funnel  to  escape.  At  c  is  a  door^ 
which  space  across  the  carriage,  and  also  that  at  d,  were 
for  the  use  of  the  man  who  attended  to  the  furnaces  and 
boilers,  besides  being  used  as  a  receptacle  for  fuel ;  at  the 
sides,  roof  and  bottom  of  this  room  were  plate-iron 
shutters,  to  afford  constant  draughts  of  air,  as  the  heat 
would  otherwise  become  insupportable.  The  engineer  sat 
on  the  hind  seat  p ;  and  at  e,  over  the  engines,  was  a 
sheet-iron  flap,  like  the  lid  of  a  box,  and  at  /  sliding 
doors,  enabling  the  engineer  to  keep  his  eye  upon  the 
working  parts,  and  by  his  spanners  and  other  tools  to  rec« 
tify,  if  required,  any  slight  defect  that  might  take  place ; 
his  situation  likewise  permitting  him  to  give  directions  x\j 
the  furnace-man,  and  to  hold  communication  with  the  guide, 
who  sits  on  the  box  q.  At  h  is  the  steering  apparatus, 
consisting  of  an  external  case,  containing  a  vertical  shaft, 
at  whose  upper  end  is  fixed  a  bevelled  pinion,  which  is 
acted  upon  by  a  small  bevelled  wheel  fixed  into  the  axis 
of  the  double-handled  winch  t  t.  By  turning  these 
handles,  therefore,  the  shaft'  is  caused  to  revolve,  and 
to  give  motion  to  gear  at  the  lower  extremity,  which 
acts  upon  a  toothed  sector  l^  attached  to  the  fore  axle- 
tree,  and  thereby  turns  the  fore  wheels  into  the  required 
positions.  The  lower  gear,  which  is  contained  in  a  box  k^ 
is  adapted  to  increase  the  force  with  a  reduced  motion,  so 
that  the  guide,  who  is  able  to  turn  the  handles  1 1  quickly^ 
operates  with  great  energy  npon  the  toothed  sector,  and 
to  overcome  with  facility  the  most  prominent  of  ordinary 
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ohetacles  in  the  road.  This  guiding  action  being  admi* 
nistered  with  a  moltiplying  power,  tbrpugb  the  complex 
medittin  of  toothed*- wheels,  was  found  to  be  far  iiH>re 
effectual  and  convenient,  than  when  a  long  lever  of  a 
more  simple  form  was  used ;  besides  that  the  latter  was 
somewhat  dangerous  (o  the  guide,  who  was  rendered 
liable  to  receive  severe  blows  by  the  motion  of  the  long 
handle,  when  the  wheels  happened  to  be  turneif  aside  by 
the  opposition  of  stones  lying  in  the  road*  At  m  is  a 
lamp,  not  only  useful  for  lighting  the  road  before  the  car- 
riage, but  serving  also  (as  the  prow  of  a  ve$sel  to  a  mari- 
ner,) to  steer  by.  The  chimney-funnel  was  made  double, 
the  space  between  the  external  case  n,  and  the  internal 
smoke  flue  o,  being  fori  a  current  of  air  to  prevent  the 
otherwise  unpleasant  radiation  of  heat  laterally.  The 
fbel  preferred  was  a  mixture  of  cok^  and  wood  charcoal, 
which  produced  a  good  heat,  and  gave  off  but  little  black 
smoke.  The  motLoawas  communicated  to  the  separate 
axles  of  the  hind  wheels  by  apur-^gear  of  two  velocities, 
changeable  at  pleasure,  as  the  state  of  the  road  or  other 
eircuiBstanees  might  require:  this  gear  was  enclosed  in 
boxes,  as  shewn  at  A,  and  the  whole  machine  wae  placed 
upon  springs^  except  the  guiding  apparatus^  which  was 
purposely  arranged  otherwise,  as  exhibited  in  the  engra- 
ving. 

.  The  body  of  th^  carriage  was  placed  no  higher  than 
necessary  to  obtain  deturity  from  overturning,  and  the  most 
perfect  safety  from  personal  danger  by  the  sudden  extrica- 
tion of  steam,  should  it  happen  that  a  tube  were  to  burst| 
which  was  barely  possible. 

In  the  numerous  experiyients  ma4^  with  this  carriage^ 
in  which  the  writer  b$d  an  opportunity  of  riding,  the 
greatest  speed  obtained  upon  a  level,  oa  n  very,  indifferent 
road,  was  three  miles  in  twelve  miautes,  (which  is  at  th« 
rate  of  fifteen  miles  the  hour,)  and  thai  wa«i  the  greatest 
distance  ever  ran  by  it,  without  some  accuieuit  occurring 
to  the  roftchiilery.  The  vibration  of  the  parts,  either 
injured  or  broke  something;  but  what  waa  almost  uni- 
formly the  cBse^  i^me  of  the  jointB  or  croiuoexions  of  the 
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UMun  steam  pipe  gave  way,  which  prevented  the  steam 
from  being  conveyed  to  the  working  cylinders,  either  par- 
tially or  wholly,  causing  a  regular  decreasing  velocity, 
until  the  waste  of  power,  through  the  increasing  size  of 
the  fissure,  produced  an  entire  stop.  The  greatest  diffi- 
culty appeared  to  be  to  make  steam-joints  that  would 
sustain  tbe  high  temperature,  and  the  shocks  and  vibra- 
tions to  which  the  machinery  was  subjected  by  the  jolting 
of  the  carriage  over  a  stony  road.  The  proprietors  of 
this  carriage  were,  however,  unfortunate  in  never  getting 
any  work  properly  executed ;  and  a  capital  error  was,  in 
our  opinion,  committed  in  crowding  tbe  machinery  into 
too  small  a  space,  which,  while  it  rendered  accurate  fit- 
ting and  repairs  difficult,  occasioned  distinct  parts  to  be 
brought  fanto  injurioue  collision  by  the  motion  of  the 
vehicle. 

We  observed  an6ther  defect  in  Messrs.  Andersoq  and 
Jameses  carriage,  (ef  which  the  proprietors  were  fully 
sensible,)  that  the  periphery  or  tire  of  the  running  wheels  i 
was  mueh  too  narrow,  bcring  only  an  inch  and  a  half.  In 
consequence  of  which,  they  sank  at  least  twice  the  depth 
into  the  ground  they  would  have  done,  had  their  tires 
been  double  the  width;  an  acclivity  wss  thus  constantly 
being  formed  before  the  wheels,  which  they  had  to  ascend, 
or  to  continae  the  crushing  operation.  Much  jground,  it 
should  be  observed,  that  will  resist  compression  entirely 
from  a  broad  whieel,  and  allow  the  carriage  to  roll  over 
with  but  comparatively  trifling  resistance,  will  give  way 
under  a  narrow  wheel  loaded  with  a  similar  weight.  The 
chief  disadvantages  of  broad-tired  wheels,  consists  in 
their  augmented  weight,  and  their  greater  liability  to 
encounter  loose  stones  lying  on  the  road.  The  narrower  a 
wheel  is,  the  better,  provided  it  does  not  leave  an  impres* 
sion  in  the  road ;  but  as  whieels  should  be  made  to  suit  all 
the  various  conditions  of  the  road  on  which  a  carriage  has 
to  travel,  we  are  disposed  to  think  a  width  of  three  inches, 
to  a  pair  of  wheels  bearing  tbhrty  hundred  weight,  to  be 
a  good  proportion. 

In  every  experiment    made  with    this    carriage,  the 
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failure  of  effecting  all  that  waa  expected,  could  uniiormly 
be  traced  to  some  evident  cause ;  and  we  believe  it  will 
generally  be  found,  that  those  individuals  who  have  had 
the  most  experience  in  undertakings  of  this  kind,  «ee 
nothing  of  an  insuperable  nature  in  the  obstacles  that 
have  hitherto  presented  themselves* 

At  the  present  time,  (September  18S0,)  there  are  five  or 
six  different  steam  coaches,  for  the  common  road,  in  the 
course  of  building  and  experimenting;  amongst  which, 
one  belonging  to  Mr.  Hancock,  of  Stratford,  Essex,  and 
another  to  Messrs.  Ogle  and  Summers,  have  made  very 
frequent  and  favourable  indications  of  ultimate  success. 
It  formed  a  part  of  our  plan  to  include  a  description  of 
the  last-mentioned  locomotives  in  this  place ;  existing 
circumstances,  however,  preclude  that  being  now  done,  but 
should  an  opportunity  be  soon  afforded  to  us  of  inspectiD([ 
the  carriages,  a  description  of  them  will  be  given  at  the 
close  of  this  work,  which  the  reader  can  ascertain  by  coa- 
suiting  the  index. 

The  steam  engine  is,  however,  not  the  only  locomotive 
power  either  proposed  or  used  for  the  common  road.  Mr, 
Samuel  Brown  has  actually  applied  his  gas-vacuum  en- 
gine (described  at  page  257)  to  the  propelling  of  a  carriage, 
but  the  great  bulk  and  weight  of  his  apparatus,  in  order  to 
produce  the  required  power,  seem  to  render  his  project 
almost  hopeless. 

The  elasticity  of  our  atmosphere  has  been  proposed  to 
be  applied  to  locomotion  in  a  variety  of  ways.  One  of 
these  was  by  employing  heat  to  expand  the  air  in  a  close 
cylinder,  to  operate  upon  a  piston,  and  by  the  subsequent 
action  of  a  cold  medium  to  condense  it. 

Another  mode,  which  has  been  proposed^  by  several  in- 
dividuals, is  that  of  employing  atmospheric  air  in  a  highly 
compressed  state.  No  less  than  four  individuals  occur  to 
us,  who  have  recently  taken  out  patents  for  the  same 
invention  (and  we  think  there  are  others  besides),  which 
circumstance  exhibits  in  a  strong  light  the  ignorance  (to 
use  the  mildest  term)  of  the  patent  agents  coTVcemed.  The 
patentees'  names  alluded  to    are.  Medhurst,    Wright, 
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Bombas,  and  Mann.  The  last-mentioned  individual  (Mr* 
William  ]Vfann,  of  JSffra  Road,  Brixton,  Surrey,)  has  re- 
cently published  a  lithographic  print  of  his  carriage, 
of  which  the  reader  will  find  a  drawing,  in  the  fifth  volume^ 
new  series,  of  the  Register  of  Arts.  Mr.  Mann  has,  how- 
ever, omitted  to  supply  those  details,  by  which  alone  we 
conld  decide  upon  its  feasibility. 

Mr.  Mann  proposes,  like  his  predecessors,  to  employ  a 
series  of  strong  metallic  recipients,  similar  to  the  cylin- 
drical vessels  used  for  portable  gas,  into  which  thirty  or 
more  atmospheres  are  to  be  condensed  by  the  power  of  a 
steam  engine,  water  mill,  or  other  adequate  prime  mover. 
A  sufficient  number  of  these  vessels  are  stowed  in  a 
ease  adapted  for  the  purpose,  which  is  to  be  fixed  under- 
neath the  carriage ;  a  tube  communicating  with  all  the 
recipients,  is  to  convey  the  compressed  air  to  two  working 
cylinders,  having  the  apparatus  common  to  high-pressure 
steam  engines,  the  piston  rods  of  which  will  give  motion 
to  a  crank  on  the  axis  of  the  hind  running  wheels.  It 
is  proposed  to  work  expansively,  and  to  vary  the  cutting 
off  the  stroke,  according  to  the  degree  of  elasticity  of 
the  air. 

The  velocity  Mr.  Mann  proposed  to  travel  was  fourteen 
miles  in  the  hour,  which  he  calculates  will  require  two 
thousand  cubic  feet,  of  the  natural  density,  to  propel  a 
carriage  weighing,  with  its  load,  two  tons*  When  the 
roads  are  in  a  bad  state,  it  is  intended  to  charge  the  ves- 
sels with  a  greater  number  of  atmospheres,  to  overcome 
the  increased  resistance. 

The  patentee  states,  that  the  carriage  is  constructed  (?) 
to  carry  seventy-five  cubic  feet  of  compressed  air,  which, 
at  a  density  of  thirty-two  atmospheres,  is  sufficient  to 
propel  it  fourteen  miles ;  and  if  the  air  were  compressed  to 
be  equal  to  forty-eight  atmospheres,  that  quantity  would 
propel  the  carriage  twenty-three  miles ;  and  if  to  sixty- 
four  atmospheres,  thirty-four  miles.  The  average  cost 
of  the  power  is  calculated  at  one  penny  per  mile ;  that  is, 
if  a  steam  engine  be  employed  to  effect  the  compression 
of  the  air  into  the  recipients,  the  cost  in  coals  of  such 
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steam  power,  to  condense  a  volume  of  air  sufficient,  by  iU 
subsequent  expansion,  to  propel  a  carriage  one  mile,  it 
one  penny.  Mr.  Mann,  however,  must  know  that  this 
would  only  form  one  item  in  the  expense  of  working  a 
carriage.  The  proposition  of  propelling  by  a  process  of 
this  kind,  is  certainly  specious,  but  those  who  have  given 
the  subject  their  best  attention,  consider  that  no  practical 
means  have  yet  been  devised  to  compensate  for  the  con- 
stantly decreasing  expansive  force  of  the  air  '  in  the 
recipients. 

Various  modes  of  employing  the  atmosphere  oa  a  locon 
motive  power  have  been  put  in  practice  many  years  ago. 
In  Holland,  fbur-wheeled  carriages  wers  propelled  by 
the  wind,  more  than  a  hundred  years  since^  by  the  appli** 
cation  of  suitable  sails  and  rigging  to  the  carriage,  bat 
the  variableness  in  the  fbree  as  well  as  direction  of  the 
power,  render  such  a  mode  of  transport  ineligible,  except 
under  peculiar  circumstances  and  localities.  Is  thoss 
countries  where  the  wind  blows  constantly  in  one  directioo, 
during  a  great  period  of  the  year,  it  requires  no  gift  of 
prophecy  to  foretel  that  the  inhabitants  will,  ere  long, 
become  possessed  of  sufficient  mechanical  knowledge,  to 
take  advantage  of  that  circumstance,  •  a4id  make  it  sub- 
servient to  their  wants  or  pleasures.  It  is  evidently  of 
little  consequence  *<  which  way  the  wind  bk>ws,^*  provided 
it  is  nearly  iii  one  line,  ^(whether  east  to  west,  or  west  to 
east)  as  the  motion  may  be  reversed  without  any  material 
loss  of  power,  by  means  of  -a  pulley*wheel ;  the  sails  of 
those  carriages  having  the  wind  in  their  favonr,  being 
spread,  and  drawing  other  carriages  in  the^ opposite  direc- 
tion, with  their  sails  furled.  Of  course,  railways  (and 
especially  Mr.  Palmer's  elevated  single  rail)*  would 
render  such  a  mode  of  communication  across  a  country  of 
the  utmost  efficiency  and  importance. 

The  celebrated  Dr.  Franklin  shewed  many  curious  and 
somewhat  useful  applications  of  the  wind,  through  the 


^  See  a  plan  for  this  purpose,  suggested  by  the  writer^  at  page  II4» 
vol.  1,  of  first  series  of  Register  of  Arts.   - 
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nediam  of  kites;  but  by  the  patented  inrention  nf  Coloaet 
Viney,  and  Mr.  Qeorge  Pocock,  methoda  bave  been  lii'' 
Iroduced  of  regulalin;  the  force  derived  from  the  wind, 
and  of  varying  ita  direction  bo  as  to  apply  it  sucMssfulIy 
to  the  propulsion  of  a  carriage.  Tbis  was  proved  by  a 
journey  made  in  1826,  by  the  before-mentioned  gentleman, 
from  Bristol  to  London,  in  a  carriage  which  they  deno- 
minated a  Charvolant. 


Fiy,% 


f%e  Patrnt  Oumobrnti  by  Mesan.  Ffney  t;  Pocock.  1896. 

The  patentees  attach  to  the  car,  or  mtael,  tbe  cords  of 
one  or  more  kites,  aeeord<Hg  to  the  force  of  the  wind  and 
the  reaistaace  tobe.everoome.  The  kitea,  Sg.  1,  is  jointed 
in  the  middle,  ao  that  it  may  be  folded  up,  and  carried  or 
stowed  away  with  grealAr  &cility,  and  ihat  it  may  be 
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adjusted  so  as  to  present  to  the  wind  a  surface  of  any 
required  dimensions;  this  is  effected  by  the  four  cords, 
6  6  6  6,  which  are  brought  together  by  passing  through 
the  dead  eye  c,  whence  they  proceed  to  the  car,  and  are 
arranged  to  the  required  lengths  by  the  persons  therein. 
The  cords  are  also  used  for  regulating  the  direction  of 
the  power;  by  shortening  those  on  the  right  hand,  when 
the  car  is  required  to  be  turned  to  the  right,  and  those 
on  the  left  hand,  when  it  is  required  to  be  turned  to  the 
left.  But  the  charvolant  represented  in  the  preceding 
fig.  2,  is  principally  guided  by  the  T  handle,  and  stem 
€  /,  which  operates  on  the  axis  of  the  fore  wheels,  by 
means  of  an  endless  band  or  cord  passing  about  the  pulley 
/,  fixed  on  the  lower  end  of  the  stem  6/,  and  the  pulley  9, 
fixed  on  the  bed  of  the  axle-tree  of  the  fore  wheels.  The 
machine  is  stopped,  or  its  motion  retarded,  by  the  drag  k, 
which  is  attached  to  the  perch  by  a  spring,  to  keep  it  off 
the  ground,  till  the  motion  is  required  to  be  retarded  or 
the  car  stopped,  when  its  fluke-end  is  pressed  into  the 
earth  by  the  lever  A,  acting  on  the  connecting  piece  t. 

When  great  power  is  required,  two  or  more  kites  are 
placed  in  succession,  one  behind  the  other,  and  so  attached 
by  cords,  that  whatever  motion  or  direction  is  given  to 
one,  will  be  communicated  to  the  others. 

The  patentees  purposed  to  attach  occasionally  to  their 
car  a  platfdrm  on  small  wheels,  with  the  view  of  carry- 
ing a  pony,  to  be  employed  in  dragging  the  machine 
(which  is  exceedingly  light)  in  cases  where  the  kites  can- 
not be  applied. 

Although  the  arrangements  introduced  or  suggested 
may  contain  many  imperfections,  in  common  with  schemes 
which  have  not  been  corrected  by  experience,  Messrs. 
Viney  and  Pocock  have  the  merit  of  making  an  important 
step  towards  rendering  this  powerful  agent  of  Nata/e 
serviceable  to  man. 


The  reader  will  observe  that  we  have  hitherto  treated 
only  of  locomotion  as  applied  to  our  common  earth  or 
paved  roads,  an  art  which  may  be  regarded  as  stilt  in  its 
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infancy.  This  is  not  the  ease,  however,  with  locomotion 
on  raiUways,  which  appears  to  have  nearly  attained  niatu« 
rity,  and  to  be  rapidly  advancing  towards  perfection. 
The  latter,  however,  never  presented  a  tenth  part  of  the 
difficulties  of  the  former,  owing  to  the  rail-road  and  the 
carriage  being  purposely  adapted  to  each  other.  Those 
rail-road  engines,  of  which  the  public  have  had  such  re- 
markable accounts  of  their  performances,  do  not  possess  a 
power  adequate  to  propel  them  a  mile  in  an  hour  on  the 
common  road;  probably,  not  sufficient  to  move  them  at  all. 

Previously  to  our  giving  an  account  of  the  rail-way  loco- 
motive engines  lately  introduced,  it  is  necessary  that  the 
reader  should  be  informed  of  the  nature  of  the  surfaces 
on  which  they  are  made  to  operate,  as  therein  consists  one 
of  the  principal  causes  of  the  effects  produced.  The  rail 
and  the  carriage  may,  in  fact,  be  considered  as  two  parts 
of  the  same  machine,  as  the  one  is  inoperative  without  the 
other.  Under  this  view  of  the  matter,  we  annex  a  brief 
historical  and  mechanical  description  of  the  various  kinds 
of  rail-ways  introduced,  as  strictly  belonging  to  this  sec- 
tion of  the  Appendix. 

There  are  three  distinct  kinds  of  rail-ways,  namely, 
edgey  tram^  and  suspension.  The  oldest  and  most  exten- 
sively adopted  plan,  consists  in  laying  rails  of  wood  or 
iron  for  the  use  of  carriages,  with  guiding  flanges  on  the 
wheels ;  these  are  now  termed  edge  rail-roads,  in  conse- 
quence of  the  iron  rails  being  narrow  and  deep. 

Edge  rail-ways  were  first  constructed  of  wood  in  the 
neighbourhood  of  Newcastle,  for  the  purpose  of  convey- 
ing coals  to  the  side  of  the  river  Tyne ;  and,  occasionally,, 
these  wooden  rails  were  covered  with  plates  of  wrought- 
iron,  in  the  parts  liable  to  much  wear.  In  adopting  cast-  , 
iron  for  rails  in  the  same  neighbourhood,  the  same  kind 
of  wheels  and  the  essential  structure  of  the  rails  were 
preserved,  the  sole  difference  being  in  the  circumstances 
which  the  use  of  a  new  material  rendered  necessary. 
Figs.  1,  S,  and  3,  annexed,  show  the  side-view,  the  plan, 
and  the  cross  section  of  a  cast-iron  edge«rai],  of  the  form 
which  's  adopted  in  the  best  rail-ways  on  the  banks  of  the 
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Tyne  and  Wear.  The  waggons  run  upon  (he  rounded 
edge  of  the  rail,  which  ia  smooth,  and  laid  as  evenly  and 
regularly  as  poasible.  The  length  of  these  rails  is  usually 
three  feet,  with  a  depth  of  about  four  inches  and  a  half 
in  the  middle,  and  breadth  of  the  top  two  inches;  but  in 
some  rail-ways  the  rails  are  four  feet  long.  The  ends  of 
the  rails  meet  in  a  piece  of  cast-iron,  called  a  chair  (see 
fig.  4),  and  the  chairs  are  fixed  to  blocks  of  stone  called 
sleepers,  with  a  broad  base,  and  weighing  from  one  and  a 
half  to  (wo  hundred  weight.  These  are  firmly  bedded  in 
the  ground,  and  afljusted  to  a  proper  plane  for  the  road 
before  the  chairs  are  connected  to  them.  The  goodness 
of  (he  road  depends  much  on  fixing  the  sleepers  in  a 
sound,  firm  manner. 


In  fig.  I,  the  side-view  of  the  rail,  C,  is  shown,  sup- 
ported at  the  extremities  A  B,  by  cast-iron  chairti  E  E, 
which   rest  on   blocks  of   stone   D   D,  called  sleepere. 
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Fig.  2,  the  plan,  shows  the  scarf  joints,  where  the  ends  of 
the  rails  meet  in  the  iron  chairs  E  E.  Fig.  3,  the  cross 
section  of  the  rail,  taken  at  C  in  fig.  1,  which  is  the  mid- 
dle of  its  length.  Fig.  4,  is  a  cross  section  at  B,  through 
the  joint-chair  and  supporting  block. 

It  has  already  been  noticed,  that  malleable  iron  was 
occasionally  used  for  protecting  wooden  rails,  but  it  ap- 
pears to  have  been  first  employed  for  the  rails  themselves 
by  Mr.  George  Grieves,  at  Sir  John  Hope*s  collieries 
near  Edinburgh;  these  were  made  of  inch  and  quarter 
bars,  and  used  for  very  light  work  only.  Malleable  iron 
rails  of  a  stronger  kind  were  used  by  Mr.  Neilson  of 
Glasgow,  for  a  rail- way  on  the  property  of  the  Earl  of 
Glasgow,  commencing  at  the  Hurlet  coal  and  lime 
works,  and  extending  to  the  Paisley  canal,  a  distance  of 
two  miles  and  a  half.  The  length  of  each  rail  being 
nine  feet,  it  is  supported  at  every  three  feet,  and  is  two 
inches  and  a  quarter  deep,  and  three  quarters  of  an  inch 
thick;  the  waggons  carry  about  thirty-five  hundred 
weight  each. 

Malleable  iron  rails,  formed  of  rectangular  bars,  must 
obviously  present  too  small  a  surface  for  the  wheels  to 
run  upon,  or  otherwise  require  more  materials  than  it 
would  be  consistent  with  economy  to  employ;  and  lo  ob- 
viate this  difficulty,  a  patent  was  obtained  by  Mr.  John 
Birkinshaw,  of  Bedlington  Iron  Works,  Durham,  for  an 
improved  form  for  the  bars  to  be  used  as  rails.  It  con- 
sists in  giving  the  bar  the  form  of  a  triangular  prism,  or 
such  variation  of  that  form  as  is  best  adapted  for  that  pur- 
pose. Fig.  5,  C  B,  (in  the  preceding  engraving)  represents 
the  section  recommended  by  Mr.  Birkinshaw,  and  he  pro- 
poses jthat  the  rails  should  be  eighteen  feet  in  length. 
Fig.  6,  represents  another  form,  ^vhich  is  evidently  better. 
His  suggestion,  respecting  welding  the  joinings,  would 
rather  be  injurious  than  useful,  owing  to  the  expansion  in 
length  by  increase  of  temperature. 

The  chief  advantage  of  wrought- iron  rails  is  that  of 
reducing  the  number  of  joints ;  and  the  difficulty  of 
making  the  rails  perfectly  even  at  the  joints  has  contri- 
Vvted  much  towards  their  introduction. 
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Edge-rails  are  most  adapted  for  permanent  works.  Tlief 
are  of  such  a  nature,  that  ordinary  carriages  cannot  he 
employed  upon  them;  but  on  any  rail-way  where  such 
carriages  can  be  used,  they  must  do  more  injury  to  the 
surfaces  of  the  rails,  than  will  be  equivalent  to  the  advan* 
tage  of  suffering  them  to  go  there.  Consequently,  a  rail- 
way with  edge-rails,  is  much  more  likely  to  be  kept  in 
good  order  than  any  other.  It  is  of  the  utmost  import- 
ance in  a  rail-way,  that  the  upper  surface  of  the  rails 
should  be  perfectly  even  and  smooth ;  the  very  object  of 
putting  down  rails  was  to  obtain  such  surfaces;  but  they 
would  be  kept  in  order  only  a  very  short  time,  if  carts  or 
waggons  from  a  common  road  were  allowed  to  turn  on  (o 
them  with  wheels  covered  with  gritty  mud,  while  the 
temptation  to  use  a  rail-wa^  in  this  manner  is  great;  for 
the  load  which  required  a  horse  on  the  common  road, 
might  be  drawn  by  a  man  on  the  rail-way ;  thus  enabling 
them  to  go  at  a  greater  speed,  and  yet  with  less  injury  to 
the  horses.*  ___ 

Tram-ways,  or  tram-roads,  differ  from  the  preceding 
kind,  in  having  the  guiding  flanges  upon  the  rails,  instead 
of  upon  the  wheels  of  the  carriages;  it  gives  the  advan- 
tage of  employing  carriages  that  can  be  used  where  there 
are  not  rails  laid  down.  They  are  called  ifram-roads,  from 
their  being  first  used  for  drawing  trams  upon.  The  tram- 
rail  is  exceedingly  convenient  for  temporary  uses,  and  in 
its  ordinary  form  (as  represented  at  fig.  8,  in  the  subjoined 
^graving,)  it  is  much  used  in  quarries,  in  mines,  in  form- 
ing new  roads,  in  digging  canals,  in  conveying  large 
stones  for  buildings,  and  other  purposes.  Tram-rails  are 
of  a  very  weak  form,  considering  the  quantity  of  iron  in 
them,  and  in  some  works  it  has  been  found  necessary  to 
strengthen  them,  by  adding  a  rib  on  the  under  side.  Fig. . 
13,  shows  half  a  tram-rail  of  this  kind  in  perspective,  A 
being  the  guide;  B  the  bed  of  the  rail,  in  which  the 
wheels  run;  C  the  rib  on  the  underside  to  stfengthen  it. 
The  rails  used  for  repairing  the  Surrey  tram-roads  were 
of  this  form,  and  it  certainly  renders  them  very  strong. 

*  Tredgold  on  Rail-ways,  page  32. 
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As  tram-rails  are  applied  with  so  much  benefit  in  form- 
ing temporary  ways,  the  most  convenient  and  ready  mode 
of  putting  them  down  is  an  object  of  some  importance. 
The  common  method  is  to  fix  them  with  large  nails  or 
spikes  upon  cross  sleepers  of  wood.  The  chief  inconve- 
nience of  this'  plan  is  the  difficulty  of  driving  and  draw* 
ing  the  nails,  when  they  have  to  be  changed.  ' 

For  permanent  roads,  the  rails  are  usually  fixed  by 
spikes  driven  into  wooden  plugs,  previously  inserted  in 
the  blocks  of  stone  for  supporting  the  rails,  as  shown  in 
fig.  8;  where  B  shows  the  tram-plate  (in  section),  with 
one  of  the  running  wheels  of  the  carriage  thereon;  C  the 
stone  sleeper,  in  which  is  inserted  the  wooden  plug  to 
receive  the  nail;  A  is  part  of  the  gravelled  horse-path 
or  road. 


An  attempt  to  improve  the  method  of  putting  down 
tram-plates,  by  Mr.  lue  Caan,  afibrds  great  facility  in 
taking  up  or  putting  down  the  rails;  they  are  contrived 
so  as  to  fix  one  another,  without  the  aid  of  nailing.  Fig. 
10,  represents  a  longitudinal  section  of  two  of  these  plates, 
placed  on  a  stone  sleeper  (i,  and  fig.  9  is  a  plan  of  the  two 
plates.  The  plates  are  joined  by  a  dove-tailed  notch  and 
tenon,  and  an  oblique  plug  is  cast  on  each  plate,  which  is 
let  into  the  stone  sleeper.  But,  for  the  advantage  of 
taking  up  the  plates,  to  repair  any  defect,  there  are  plates 
at  every  thirty  yards,  with  perpendicular  plugs;  such 
plates  are  called  stop  plates.     The  diameter  of  the  plug 
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near  the  shoulder  is  one  inch  and  three  quarters,  at  the 
point  one  inch,  its  length  is  two  inches  and  a  half,  and  its 
obliquity,  shewn  in  figure  10,  about  eight  degrees.  A  small 
groove  in  the  whole  length  of  the  exterior  of  such  plug, 
is  made  to  allow  the  water  in  the  hole  to  expand  in  freez- 
ing, and  it  also  serves  to  admit  a  wire  to  draw  a  broken 
plug  out  by.  The  holes  for  the  plugs  should  be  cut  to 
the  depth  of  three  inches,  by  a  standard  guage  of  cast* 
iron,  and  counter-sunk,  so  as  to  allow  the  end  of  the  plate 
to  bed  firmly  on  the  block  which  supports  it. 

Fig  II,  is  one  of  the  ends  of  a  tram  plate,  in  which  H 
sfa^ws  the  flange  or  upright  edge;  i  the  flat  part  or  sole,  in 
which  the  wheels  of  the  waggon  run ;  D  one  of  the  plugs, 
and  K  a  projection  behind,  to  render  the  plates  firmer  upon 
the  blocks.  The  usual  length  of  one  plate  is  three  feet;  the 
flanch  H,  is  one  and  a  half  inch  high ;  the  sole,  or  bed,  three 
and  a  half  or  four  inches  broad,  and  three-fourthsofaninch 
thick,  but  these  dimensions  are  varied  according  to  circum- 
stances; the  most  approved  weight  has  been  forty-two 
pounds  for  each  plate.  The  ends  from  which  the  plugs 
project,  under  which  the  tenons  and  notches  are  made, 
should  be  a  quarter  of  an  inch  thicker  than  the  other  parts 
of  the  plate. 

The  weight  of  the  blocks  or  sleepers  should  not  be  less 
than  about  one  hundred  and  twenty  pounds  each;  and 
some  kinds  of  ground  will  require  heavier. 

In  this  method  the  wheels  of  the  waggons  cannot  be 
obstructed  by  the  heads  of  the  nails  rising  above  the  sur- 
face, and  the  blocks  are  not  disturbed  by  fixing  the  plates; 
and  when  repairs  are  necessary,  the  plates  must  be  formed 
for  the  purpose.* 

When  tram-plates  are  fixed  by  spikes  to  stone  sleepers, 
there  is  some  difiiculty  in  keeping  the  joint  even  and  in 
its  place,  but  it  seems  to  be  successfully  obviated  by  using 
a  saddle  piece  to  receive  the  ends  of  the  nails  at  the  joints, 
an  improvement  which  was  introduced  by  Mr.  Wilson  on 
the  Troon  tram-road. 


i 


*  Transactional  of  the  Society  of  Arts,  &c,  vol.  25,  p.  87,  1807. 
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Tram-roads  are  much  esteemed  in  Wales;  and,  in  con- 
sequence of  using  them,  it  is  found  desirable  to  divide 
the  pressure  upon  the  rails  as  much  as  possible ;  hence, 
small  carriages  are  used,  and  these  lead  to  small  wheels, 
so  that  the  effect  of  a  given  power  is  not  above  half  what 
\i  ought  to  be;  and  yet  the  enormous  increase  of  rail- 
roads in  Wales  renders  it  evident  that  some  benefit  is  re- 
ceived from  adopting  this  system  of  conveyance.  In  1791, 
there  was  scarcely  a  single  rail-way  in  South  Wales ;  and 
in  1811,  the  complete  rail-roads,  connected  with  canals, 
collieries,  &c.  in  Monmouthshire,  Glamorganshire,  and 
Caermarthenshire,  amounted  to  nearly  150  miles  in 
length,  exclusive  of  underground  ones,  of  which  one  com- 
pany in  Merthyr  Tydvil  possessed  about  thirty  miles. 
During  the  last  nineteen  years  there  has  been  a  consider- 
able augmentation  of  rails  in  almost  every  district,  and  it 
is  probable  the  total  length  does  not  now  fallshort  of  two 
hundred  and  fifty  miles! 

The  third  kind  of  rail- ways  mentioned,  are  those  on  the 
principle  of  suspension,  of  which  that  invented  by  Mr.  H. 
R.  Palmer  is,  we  believe,  the  earliest  and  the  best. 

Instead  of  tioo  lines'  of  rail  laid  upon  the  ground^  Mr. 
Palmer's  railway  consists  of  only  otie  /t>i€,  which  is  elevated 
upon  pillars,  about  nine  feet  apart,  and  carried  in  a 
straight  line  across  the  country,  however  undulating  or 
rugged,  over  hills,  valleys,  brooks,  and  rivers;  the  pillars 
being  longer  or  shorter,  to  suit  the  height  of  the  rail  above 
the  surface  of  the  ground,  so  as  to  preserve  the  line  of  the 
rail,  which  is  always  straight,  whether  the  plane  be  hori- 
zontal or  inclined.  The  carriage  has  only  two  wheels, 
placed  one  before  the  other,  (to  travel  in  the  single  rail), 
connected  by  a  suitable  frame-work;  the  axles  of  the 
wheels  are  lengthened,  so  as  to  form  extending  arms  of 
support,  to  which  are  suspended  the  receptacles  for  the 
goods  or  passengers,  one  on  each  side  of  the  rail,  with 
their  centre  of  gravity  below  the  surface  of  the  rail.  The 
rods  by  which  the  receptacles  or  waggons  are  suspended 
are  inflexible;  hence,  although  the  weights  on  each  side 
be  not  equal,  they  will  nevertheless  be  in  equilibrio^  as 
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may  be  observed  in  a  ship,  which,  when  unequally  loaded, 
assumes  such  an  angle  with  the  surface  of  the  water  as 
preserves  the  equilibrium.  We  have  observed  that  this 
arrangement  will  admit  of  a  considerable  inequality  of 
the  loads  in  the  opposite  vehicles,  without  producing  an; 
inconvenience,  which  is  partly  owing  to  the  change  of  fal- 
crum,  or  bearing  upon  the  rail.  The  breadth  of  the  rail 
is  about  four  inches,  and  slightly  convexed,  so  that  ao 
additional  weight  put  into  one  of  the  receptacles,  causes 
the  wheels  to  incline  a  little  to  that  side,  and  to  bring  the 
fulcrum  nearer  to  the  augmented  weight,  reducing  the 
leverage  on  that  side,  and  in  the  same  proportion  in- 
creasing it  on  the  other;  so  that  an  equal  distribution 
of  the  load  is  not  necessary,  although  it  is  preferable,  and 
can  in  most  cases  be  easily  effected.  The  rail  is  made 
capable  of  adjustment,  so  that  it  may  be  kept  straight  and 
even. 

A  number  of  carriages  are  linked  together ;  and  either 
drawn  by  a  locomotive  machine  upon  the  rail,  or  towed 
along  by  a  horse,  as  barges  in  a  canal.  By  the  latter 
mode,  the  horse,  owing  to  the  undulations  of  the  surface 
in  which  he  travels,  will  sometimes  be  much  below  the 
rail ;  to  preserve,  therefore,  a  proper  angle  of  draught,  a 
sufficient  length  of  rope  is  provided. 

Fig.  1,  is  an  end-view  of  the  carriage,  with  a  cross  section 
of  the  rail,  and  a  pillar  shewing  its  form  and  manner  of 
fixing.  Fig  2,  is  a  side-view  of  the  rail-way,  passing  over 
an  uneven  surface,  with  three  of  the  supporting  pillars  of 
unequal  length.  Upon  the  upper  surface  of  the  rail,  are 
seen  the  two  carriage  wheels,  and  the  manner  of  suspend- 
ing the  waggons  or  receptacles  from  the  axletrees,  which 
is  however  better  shewn  by  the  rods  IIII,  in  fig.  1.  Fig. 
S  is  a  plan  exhibiting  the  manner  the  receptacles  are  braced 
together.  In  the  several  figures,  similar  letters  indicate 
corresponding  parts. 

A,  fig.  1,  is  an  upright  pillar  of  cast-iron,  having  at  the 
shoulder  a  flange,  which  rests  upon  the  surface  of  the 
ground.  The  pillar  is  formed  with  ribs  at. right  angles, 
which  converge  towards  the  lower  extremity,  and  art 
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iiotched  in  the  edges  for  the  better  securing  it  firmt)'  in 
the  ground.  The  hole  in  which  it  i^  inserted  is  to  be  pre- 
viously well  rammed,  by  a  kind  of  pile-driving  enginej  and 
the  foot  of  the  pillar  BUrrounded  with  hatd  niateriald, 
which  are  also  to  be  rendered  as  compact  as  possible. 
Three  of  these  pillars  are  shewn  fixed  in  fig.  2,  placed 
about  nine  feet  apart.  At  the  upper  ettreiditi^  of  tbb 
pillars  are  long  clefte,  Or  openings^  to  receive  tb^  rail  B) 
2d;  4  k 
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which  is  composed  of  deal  planks,  set  on  their  edges,  witb 
their  upper  surface  C,  defended  by  cast  or  wrought^iroR 
platPS)  a  little  convex  on  the  upper  side. 

When  the  rail  has  been  some  time  in  use,  and  all  has 
taken  a  bearing,  a  little  adjustment  of  the  line  may  be  re- 
quisite, before  the  rail  is  bolted  to  the  pillars  ;  to  effect  J 
which,  a  very  simple  and  easy  method  is  provided.  In  the 
cleft  of  the  pillars,  and  under  the  rail,  two  wedges  a  a,  are 
introduced,  in  opposite  directions,  whereby  its  level  may 
be  adjusted  with  the  nicest  accuracy. 

The  wheels  D  D,  are  provided  with  flanges^  to  keep 
them  on  the  rail,  and  their  peripheries  are  slightly  concave, 
to  adapt  their  surfaces  to  that  of  the  rails.  E  E,  are  the 
arms  or  axles ;  H  H,  are  the  receptacles  for  the  goods, 
which  are  made  of  plate  iron,  and  are  suspended  to  the 
arms,  (as  before  mentioned)  by  the  inflexible  rods,  I  III. 
To  one  of  the  arms  a  chain,  K,  is  hooked,  to  which  a  tow* 
ing  rope  may  be  connected.  Any  number  of  carriages  may 
j^en  be  attached  together  by  chains  hooked  on  to  the 
angles. 

Fig.  4.  is  intended  to  exhibit  a  portion  of  the  rail- way  in 
use,  and  the  methods  by  which  several  of  the  obstacles 
which  frequently  present  themselves  are  overcome.  On 
the  left  is  seen  a  jointed  rail,  or  gate,  that  crosses  the  road, 
over  which  the  carriages  have  just  passed,  and  the  gate 
swung  back  to  leave  the  road  open  ;  the  horse  and  man 
^having  just  forded,  the  train  of  carriages  is  proceeding 
ill  iUi  course,  and  following  another  train,  part  of  which 
Is  seen  on  the  right,  crossing  a  rail  bridge,  simply  con- 
structed for  that  purpose.  Provision  is  made  for  trains 
of  carriages  that  are  proceeding  in  opposite  directions,  by 
means  of  ^^  sidings"  or  passing-places. 

With  respect  to  loading — if  both  receptacles  be  not 
loaded  at  the  same  time,  that  which  is  loaded  first,  must  be 
supported  until  the  second  is  full.  Where  there  is  a  per- 
manent loading-place,  the  carriage  is  brought  over  a  step, 
or  block ;  but  when  it  is  loaded  promiscuously,  it  is  pro- 
vided with  a  support  connected  to  it,  which  is  turned  up 
when  not  in  use.     From  the  small  height  of  the  carriage, 
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the  loading  of  those  articles  usually  done  by  hand,  be- 
comes less  laborious.  The  unloading  may  be  done  in  va« 
rious  ways,  according  to  the  substance  to  be  discharged, 
the  receptacles  being  made  to  open  either  at  the  bottom, 
the  ends,  or  the  sides.  In  some  cases  it  may  be  desirable 
to  suspend  them  by  their  ends,  when,  turning  on  their  own 
centres,  they  are  easily  discharged  sideways. 

Among  the  principal  advantages  contemplated  by  the 
adoption  of  Palmer^s  raiUway,  quay  be  mentioned  that  of 
enabling  the  engineer,  in  most  cases,  to  constract  a  rail-way 
on  that  plane  which  is  most  effectual,  and  where  the  shape 
of  the  country  Would  occasion  too  great  an  expenditure 
on  former  plaus ;  that  of  being  faiaintained  in  a  perfectly 
straight  line,,  and  in  the  facility  with  which  it  may  always 
be  adjusted ;  in  being  unencumbered  with  extraneous  sub- 
stances lying  upon  it;  in  receiving  no  interruption  from 
snow,  as  the  little  that  may  lodge  on  the  rail  is  cleared  off 
by  merely  fixing  a  brush  before  the  first  carriage  in  the 
train;  in  the  facility  with  which  the  loads  may  be  trans- 
ferred from  the  rail-wliy  on  to  the  carriages,  by  merely 
unhooking  the  receptacles,  without  displacing  the  goods, 
or  from  other  carriages  to  the  rail-way,  by  the  I'eversd 
operation ;  in  the  preservation  of  the  articles  conveyed 
from  being  fractured,  owing  to  the  more  uniform  gliding 
motion  of  the  carriages;  in  occupying  less  land  ihati  any 
other  rail-way ;  in  requiring  no  levelling  or  road-makitig ; 
in  adapting  itself  to  all  situations,  as  it  may  be  constructed 
on  the  side  of  any  public  road,  on  the  waste  and  it're- 
gular  margins,  on  the  beach  or  shingles  of  the  sea-shore,—- 
indeed,  where  no  other  road  can  be  made ;  in  the  original 
cost  being  much  less,  and  the  impediments  and  great  ex- 
pense occasioned  by  repairs  in  the  ordinary  mode,  being 
by  this  method  almost  avoided.* 

As  Mr.  Tredgold's  opinion  has  justly  great  weight  in 
subjects  of  this  nature,  we  annex  it,  on  Mr.  Palmer's  rail- 
way, in  this  placie. 


*  See  Pa1mer*s  **  Desi  ription  of  a  -Rail-way  on  a  oew  Principle. 
Taylor,  Londoti. 
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'^  We  expect  that  this  single  rail-road  will  be  found  kj 
far  superior  to  any  Qther  for  the  conveyance  of  the  mails 
an4  those  light  carriages,  of  which  speed  is  the  principal 
pbject;  because  we  are  satisfied,  that  a  road  for  such 
carriages  must  be  raised  so  as  to  be  free  from  the  inte^ 
ruptions  and  crossinga  of  an  ordinary  rail-way.  A  carriage 
moving  at  a  greater  velocity  than  six  miles  per  hoar,  on 
a  rail^way,  must  be  raided  so  as  to  remove  the  possibility 
of  overrunning  people,  or  of  dashing  against  other 
vehicles.  Carriages  running  smoothly  and  rapidly,  with 
a  small  moving  power,  cannot  be  suddenly  checked ;  and 
they  admit  of  no  change  of  direction.  But,  were  a  rail-way 
^levated  ten  feet  above  the  common  roads,  these  accidents 
could  not  take  place,  except  through  neglect ;  the  pas- 
sengers would  not  be  raised  to  a  much  greater  height  than 
the  top  of  a  common  coach,  and  in  a  auspended  carriage 
which  could  not  possibly  overtum.'^f 

In  1828,  Mr.  T.  ChapmaQ,  of  Royal  Row,  Lambeth, 
suggested  an  improwed  carriage  from  Mr.  Palmer's  rail- 
way, for  which  he  received  a  reward  from  the  Society  of 
^rts.  By  Mr.  Palmer's  method  of  making  turns  in  the 
road,  ^  portion  of  the  rail  is  made  to  turn  with  the  car- 
riage on  it,  which  has  certainly  some  disadvantages ;  to 
obviate  which,  Mr.  Chapman  has  contrived  a  carriage 
that  will  itself  turn  on  a  fixed  rail,  whether  curved  o( 
9traight,  or  from  on,e  angle  to  another. 

Fig.  1,  exhibits  an  evd-view  of  the  carriage  on  a  section  ^ 
of  the  rail,  and  fig.  2  is  a  side-view  of  the  same^  partly  in 
section,  a  a,  is  the  rail;  b  fr,  two  wheels  on  the  rail; 
these  carry  the  turning  plates  c  c,  each  having  four  fric- 
tion  rollers ;  e  «,  upper  plates ;  //,  the  vertical  axis  of  the 
wheel  fr^tines,  or  turn  plates,  c  c ;  th.ey  pass  through  the 
plates  cf,  and  6,  from  which  the  boxes  g  g  are  suspended,  by 
the  lateral  arms  h  A,  and  i  u  Now,"as  the  wheels  and 
frames  fr,  c,  c^n  turn  freely  on  their  axis//,  they  each  re- 
quire four  grinding  rollers,j  jj  J,  to  keep  them  in  aright 

*.  Tn:dgold*8  Treatine  on  BaiUroads  aad  Carriages,  (p.  87>  Taylor, 
^ndgn 
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line  with  the  rail,  and  to  cause  them  to  turn  as  the  rail 
turns.  These  carriages  should  not  be  farther  asunder 
than  13  absolutely  necessary  for  the  required  curve  of  the 
rail.  The  bottom  of  the  carriage  has  a  joint  at  one  third 
of  its  length,  and  is  held  up  at  this  by  the  hooks  k  k;  by 
removing  these,  the  contents  maybe  let  out;  the  fixed 
portion  of  the  bottom  is  made  sloping,  so  that  it  may  be 
readily  emptied. 

Two  or  three  years  after  Mr.  Palmer  had  brought  out 
his  plan  of  raiUway,  a  suspension  rail- way  was  patented  by 
Mr.  J.  J.  Fisher,  for  a  similar  though  less  perfect  arrange- 
ment, and,  as  we  should  suppose,  somewhat  trespassing 
upon  Mr.  Palmer's  patent  right.  Mr.  Fisher,  it  is  true, 
suspends  his  carriages  to  two  lines  of  rail,  but  he  was,  in 
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this  respect,  anticipated  by  Mr.  Palmer,  who  says  "  to 
elevate  two  lines  of  rail  for  the  purpose  of  supporting  a 
carriage,  could  not  be  done  at  a  sufficiently  moderate 
expense;  I  therefore  endeavoured  to  arrange  the  form 
of  a  carriage  in  such  a  manner  that  it  would  travel  upon 
a  single  line  of  rail,  without  the  possibility  of  overturn- 
ing." Mr.  Fisher's  plan  may,  however,  poeseea  some 
originality,  and,  with  some  modifications,  may  be  ren- 
dered  useful.  The  chief  object  is  stated  to  be  the  throw- 
ing of  a  raiWoad  across  rivers,  swamps,  &c.;  and  the 
means  proposed  of  effecting  it  will  be  readily  perceived, 
upon  inspecting  the  annexed  diagrams,  and  referring  to 
the  subjoined  explanation  of  them. 
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Fig.  1,  is  a  side-view  of  the  proposed  rail,  attached,  by 
vertical  rods,  to  a  chain  of  bars,  which  form  a  catenarian 
curve;  fig.  2,  is  a  similar  view,  but  giving  only  a  portion 
of  fig.  1,  on  a  larger  scale;  fig.  3,  is  an  end  or  sectional 
view  of  fig.  2;  fig.  4,  is  also  a  sectional  view,  but  of  ano- 
ther form  of  rail,  which  we  shall  describe  lastly.  The 
letters  of  reference  denote  similar  parts  in  each  of  the 
figures. 

a  is  the  rail,  made  of  stout  cast-iron  plates  of  uniform 
dimensions,  bolted  together;  having  a  horizontal  projec- 
tion or  plate,  b  b,  on  each  aide,  for  the  wheels  of  the  car- 
riages, d  d,  to  run  upon,  (seen  best  in  fig.  3.) ;  //  shews 
the  frame  of  the  carriage;  the  manner  of  conneci-iig  the 
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wheels  on  either  side  of  the  rail  in  pairs,  is  exhibited  in 
fig.  3,  and  the  mode  of  joining  the  front  with  the  hind 
pair  of  wheels,  in  fig.  2.  Iron  rings,  g  g^  pass  through 
the  centres  of  the  lower  parts  of  the  carriage-frame,  to 
which  are  suspended  the  boxes  or  receptacles  for  holding 
the  goods  or  passengers,  one  of  which  is  shewn  attached 
at  ft,  fig.  1.  The  loops  or  holes  in  the  upper  part  of  the 
rail  a,  fig.  2,  are,  of  course,  for  the  convenience  of  bolt- 
ing it  to  the  suspension  bars,  as  seen  connected  in  fig.  1. 
Each  of  the  bars  is  to  be  provided  with  a  wedge  or  9crew 
adjustment,  so  as  to  regulate  the  uniformity  of  the  plane, 
when  any  part  sinks. 

To  give  an  idea  of  the  other  form  of  rail,  the  section 
fig.  4,  is  sufficient.  Here  it  will  be  seen,  that  the  rail,  (if 
we  may  so  term  it)  is  of  the  form  of  a  square  tube  or  hol- 
low trunk  1 1,  with  an  opening  or  slit  on  the  lower  side 
for  the  bar,jf,  (whii^h  is  fixed  to  the  axletree  of  the  car- 
riage) to  pass  through,  for  th6  purpose  of  being  connected 
to  a  box  or  receptacle  underneath.  This  square  cast-iron 
trunk  or  rail^  is  to  be  suspended^  as  in  the  previously  de^ 
scribed  rail,  to  a  chain  of  iron  bars  or  wires,  drawn  nearly 
tight,  so  as  to  form  a  catenarian  curve,  when  stretched 
over  the  place  to  be  crossed. 

The  mode  of  propelling  the  carriages  is,  we  believe^ 
not  stated  in  the  specification,  but  we  understand  it  is  to 
be  performed,  when  the  rail-way  is  on  a  horizontal  plane^ 
by  elevating  that  end  in  which  the  carriages  are  placed^ 
and  letting  them  find  their  way  to  the  other  end  by  their 
own  gravity.  By  such  a  proposition,  i,t  is  evident  that  the 
patentee  does  not  intend  it  for  any  extensive  work,  as  the 
means  proposed  of  producing  motion,  are  applicable  only 
to  narrow  rivers  and  ravines. 

Having  now  noticed  the  three  principal  kinds  of  rail-^ 
ways,  it  is  very  important  to  know  the  effect  produced  by 
a  given  power  applied  to  each ;  and  this  knowledge  bas^ 
we  believe,  been  very  faithfully  furnished  to  the  public 
by  Mr.  Palmer,  who  made  a  series  of  very  careful  expe- 
riments on  several  of  the  principal  railways  of  the  king- 
dom, which  he  published  in  his  work  before  alluded  to. 
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The  results  of  these  experiments  we  annex,  preceded  by 
some  introductory  observations  of  the  writer  on  tbe 
subject. 

^'  Perhaps,"  says  Mr.  Palmer,  ^^  if  some  accurate  means 
of  ascertaining  the  resistance  of  roads  and  railways  were, 
on  all  occasions,  used,  their  improvement  would  be  much 
advanced.  The  real  value  of  either  being  then  unequi- 
vocally compared,  the  amount  of  defect  could  no  longer 
be  a  matter  of  mere  opinion.  The  proprietors  would 
then  know  whether  an  apparent  inferiority  arose  from 
the  difference  of  horses,  or  difference  of  circumstances; 
and  it  would  be  of  great  advantage  to  introduce  a 
clause  in  contracts,  which  would  determine  the  effect 
to  be  produced.  The  methods  by  which  resistance  of 
roads  and  rail-ways  has  been  ascertained,  have  not 
been  sufficiently  accurate,  or  have  been  too  inconve^ 
nient  for  general  use.  The  dynamometers,  which  de- 
note the  resistance  by  the  degree  of  extension  given 
to  springs  attached  to  the  carriage,  are  convenient 
as  portable  instruments,  but  do  not  denote  the  mea^ 
sure  with  the  necessary  precision.  The  resistances  are 
not  equable  from  the  irregularities  of  the  surface ;  nei- 
ther does  the  force  which  draws  the  carriage  continue 
equable.  When  horses  are  employed,  those  instruments 
are  of  no  service  whatever.  The  effect  of  the  unequal 
force  or  resistance  occasions  a  vibratory  motion  to  the 
indicating  point,  and  we  can  never  have  confidence  in  any 
result  they  exhibit.  Similar  defects  are  observable  in  all 
the  instruments  I  have  seen. 

^^  Having  had  frequent  occasion  to  ascertain  these  re- 
sistances, I  constructed  an  instrument  which,  by  removing 
the  imperfection  referred  to,  has  been  completely  success- 
ful. The  problem  was  to  make  such  an  instrument  as 
would  indicsite  very  small  differences,  but  which  would 
not  yield  suddenly  to  a  change  of  resistance;  I  therefore 
connected  to  a  spring  dynamometer^  a  semicircular  close 
copper  vessel  containing  water;  at  the  centre  is  a  spindle, 
on  which  an  arm  or  fan  is  fixed,  and  which  very  nearly 
corresponds  with  the  inside  of  the  vessel.    The  springt 
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are  so  connected  with  the  spindle,  that  they  cannot  be 
acted  upon  without  the  arm  or  fan  turning  upon  its  centre, 
and  passing  through  water.  In  order  to  pass  through  the 
water,  the  latter  must  escape  by  its  sides;  and  the  space 
being  extremely  small,  it  cannot  pass  rapidly,  but  will 
yield  to  the  smallest  force* 

^^  By  way  of  exhibiting  the  difference  of  resistance  upon 
different  rail- ways,  I  have  attached  a  table  containing  ex- 
periments on  several. 

<^The  first  column  contains  the  articles  conveyed;  the 
second,  the  resistance  in  proportion  to  the  weight;  the 
third,  the  whole  effect  produced,  t.  e.  including  the  weight 
of  the  carriage  by  one  horse,  or  one  hundred  and  fifty 
pounds,  at  two  miles  and  a  half  per  hour ;  the  fourth,  the 
useful  effect,  or  the  load  conveyed,  in  pounds;  the  fifth, 
the  same,  in  ordinary  measures;  the  sixth,  the  inclination, 
expressed  by  decimal  fractions,  on  which  a  rail-way,  whose 
resistance  is  equal  to  that  specified,  should  be  constructed, 
that  the  resistance  of  the  loaded  carriages  downwards, 
maybe  equal  to  that  of  the  empty  carriages  upwards; 
the  seventh,  the  effect  produced  under  such  circumstances; 
the  eighth,  the  useful  effect  under  the  same,  the  weight 
of  the  carriages  being  deducted.  In  each  experiment, 
the  power  of  the  horse  is  assumed  at  one  hundred  and 
fifty  pounds,  moving  at  the  rate  of  two  miles  and  a  half 
per  hour.* 


*  Id  the  inclinations,  the  weight  of  the  horse  itself,  as  part  of  Hie 
effect  prodnced,  is  not  taken  into  account,  that  the  table  may  equally 
serve  where  mechanical  force  is  applied.  Some  allowance  must 
therefore  be  made,  where  horses  are  ased^  bat  the  difference  in  the  in- 
clinations given  will  be  very  trifling. 
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It  has,  we  believe,  been  a  generally  received  opinioQ, 
that  carriages  on  a  rail- way  cannot  be  propelled  by  loco- 
motive power  up  an  inclined  plane  that  rises  more  than 
twenty  feet  in  a  mile,  without  the  assistance  of  indented  or 
toothed-rails  to  increase  the  resistance,  and  thus  prevent 
the  carriages  from  slipping  back.  By  Mr.  W.  H.  James's 
invention,  this  difficulty  is  overcome,  so  that  a  train  of 
carriages  may  be  made,  by  a  locomotive  engine,  to  ascend 
and  descend  inclined  planes  of  any  elevation  necessary  in 
the  construction  of  rail-roads,  and  over  very  smooth  and 
almost  polished  surfaces.  We  understand  that  the  most 
satisfactory  proofs  have  been  afforded  of  the  ability  to 
effect  this,  by  repeated  trials  on  a  rail-road  more  than  a 
hundred  feet  in  length,  laid  down  for  the  purpose  of  ex* 
perimeat;  on  which  it  was  found  that  a  train  of  carriages 
would  (with  the  patentee's  machinery)  ascend  inclined 
planes  of  three  inches  in  the  yard,  which  is  equal  to  four 
hundred  and  forty  feet  in  the  mile.  This  important  ad- 
vantage is  gained  by  applying  the  power  to  the  axletrees 
of  the  wheels  of  the  several  carriages  in  the  train,  by 
means  of  the  rotation  of  a  long  horizontal  rod  (or  series 
of  connected  rods)  actuated  by  bevel  gear  under  each 
carriage. 

An  ingenious  plan  has  also  been  proposed  by  Mr.  James 
for  enabling  the  carriages  on  a  rail-way  to  pass  around 
tuFns  or  curves  in  the  road,  without  additional  friction 
For  this  purpose,  the  horizontal  rotatory  shafts,  which 
cause  each  pair  of  wheels  in  the  train  to  revolve  and 
(;  ropel  the  carriages  forward,  are  connected  together  by  a 
s^^  vel  kind  of  universal  joint,  which  communicates  the 
notatory  motion  to  each  successive  carriage,  even  if  so 
placed  on  the  curves  of  the  roads,  that  the  sides  of  one 
carriage  shall  present  to  the  side  of  the  next  an  angle  of 
ti.irty  degrees.  To  cause  the  carriage  wheels  to  run 
round  the  curves  of  the  rail-way,  without  the  usual  de- 
structive rubbing  of  their  surfaces,  the  rails  in  those  parts 
are  made  with  several  ribs  or  elevations,  and  the  wheels 
of  the  carriages  are  consequently  formed  to  correspond 
with  those  ribs,  by  their  peripheries  being  grooved  in  like 
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manner :  90  that  a  wheel,  in  effect,  possesses  as  many  dia- 
meters as  there  are  variations  in  the  surface  of  its  peri- 
phery, by  which  means  it  may  be  made  to  travel  faster  or 
slower,  as  may  be  desired. 

The  annexed  engravings  will  render  Mr.  James's  plans 
intelligible  to  the  reader. 

a  is  the  boiler  of  a  steam  engine;  b  the  engine  with 
two  cylinders,  the  alternating  motion  of  the  piston  in 
which  gives  rotation  to  the  crank,  r,*  above;  the  rods,  e  e, 
attached  to  the  same,  being  also  fixed  to  the  crank  of  the 
horizontal  shaft,///,  (which  passes  under  the  carriages), 
causes  that  to  revolve  with  a  similar  speed  to  the  crank 
of  the  engine.  Two  square  boxes,  g*  ^,  are  fixed  under 
each  carriage ;  through  these  the  axletrees  of  each  pair 
of  wheels  pass;  the  rotatory  shaft,/,  passes  also  through 
the  boxes,  above  the  axletrees,  and  at  right  angles  with 
them ;  each  of  the  boxes,  g  gj  contain  a  double-bevelled 
horizontal  wheel,  which  presents  a  circle  of  cogs  in  its 
upper  as  well  as  its  lower  side,  and  turns  upon  cross  bear- 
ings; now  the  shaft/,  carrying  upon  it  a  vertical  bevelled 
pinion  in  each  box,  takes  into  the  upper  circle  of  teeth  of 
the  horizontal  wheel,  while  the  under  circle  of  teeth  of 
the  same,  actuate  a  bevelled  pinion  on  the  axletree  un- 
derneath, consequently,  compels  the  wheels  to  revolve; 
and  the  power  being  thus  applied  to  every  pair  of  wheels 
simultaneously,  sufficient  resistance  is  obtained,  on  a 
smooth  surface,  to  ascend  inclined  planes  of  considerable 
elevation.  uuuuUy  are  the  universal  joints,  which  com- 
municate rotatory  motion  when  the  carriages  are  not  in  a 
straight  line:  these  and  other  moving  parts  are  distinctly 
shown  in  fig.  2,  which  is  upon  a  larger  scale. 

//is  the  rotatory  shaft ;  g  g  the  two  boxes,  with  the  front 
plates  removed  to  show  the  gear  inside;  A  h  the  bevelled 
pinions  upon  the  shaft  iti  each  box;  t  ithe  horizontal 
double-bevelled  wheels.  The  front  box,  gy  under  the 
carriage,  is  fixed  immoveably  to  a  solid  block  of  wood,  k; 
the  other  box  is  fixed  to  a  plate  /,  turning  on  a  central 
point,  which  passes  through  another  plate,  m,  above,  the 
letter  being  secured  to  the  floor  of  the  carriage  by  hinges 
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joints,  n  ft.     The  construction  of  the  universal  joints  u  Uj 
is  also  more  clearly  shewn  in  this  figure. 

We  have  now  to  describe  the  contrivances  by  which 
the  patentee  obviates  the  destructive  effects  of  the  rub- 
bing or  sliding  of  the  inner  wheels  of  carriages  in  making 
curves  or  turns  in  a  round. 

Our  readers  need  not  be  informed,  that  if  the  wheels  on 
one  side  of  a  carriage  be  larger,  or  of  greater  diameter, 
than  those  on  the  opposite  side,  such  carriage,  when  pro- 
pelled, will  necessarily  make  a  curve.  On  this  principle, 
the  patentee's  contrivances  are  founded.  In  running 
along  a  straight  line,  the  peripheries  of  the  wheels  are  of 
equal  elevation;  but  when  the  carriage  has  to  make  a 
turn,  the  wheels  on  one  side  roll  on  a  greater  diameter, 
or  more  extended  periphery;  while  the  wheels  on  the 
opposite  side  run  on  a  less  extended  periphery,  and  the 
elevations  upon  the  rails  on  which  they  rnn  are  so  ad- 
justed to  these  variations,  that  the  different  peripkeries  of 
the  wheels  change,  and  come  in  contact  with  the  variable 
parts  6f  the  rail,  and  run  round  the  curves,  without  any 
perceptible  increase  of  ft-iction,  or  jarring,  or  jolting.  The 
annexed  diagrams  are  in  illustration  of  this  part  of  the 
patentee's  improvements. 

In  this  figure,  the  carriage  wheels 
are  supposed  to  be  running  in  a 
straight  line,  consequently  the  pe- 
ripheries are  equal,  and  the  bear- 
ings of  the  rail  equal. 

In  this  figure,  the  wheels  are  sup- 
posed to  be  making  a  curve  equal 
to  an  increase  of  half  an  inch  in  a 
yard  on  the  outer  line  or  track. 

In  this,  the  wheals  and  other 
parts  are  adapted  to  make  a  turn, 
where  the  curve  makes  a  difference 
in  the  two  lines  of  twd-thirds  of  an 
inch  in  the  yard. 

In  this,  a  curve  wherein  the  dif- 
ference is  one  inch. 
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Mr.  James  considers  that  the  following  advantagefl  will 
result  from  these  improvements,  viz, 

'^  A  saving  will  be  effected  in  the  principal  part  of  the 
cuttings,  embankments,  viaducts,  &c.,  and  a  saving  of  full 
four-fifths  of  the  time  requisite  for  making  the  road.  In 
saving  the  land  lost  in  deep  cutting,  and  the  slopes  of  the 
embankments;  and  in  shortening  the  distance,  inconse- 
quence of  the  engine  and  loaded  carriages  being  able  to 
pass  over  elevated  ground.  Owing  to  the  resistance  at 
each  individual  carriage,  the  engine  carriage  may  be  re- 
duced  full  one- third  in  weight,  therefore  a  greater  load 
may  be  propelled  by  the  same  power.  In  saving  the 
primary  and  current  expenses  of  fixed  engines,  wherein 
the  power  applied  is  always  the  same^  whether  the  traffic 
upon  the  rail  requires  it  or  not,  and  in  avoiding  the  delay 
consequent  upon  their  employment;  whereas,  in  loco- 
motive engines  the  power  may  always  be  adapted  to  the 
trade  or  load.  In  affording  the  opportunity  of  passing 
over  or  under  turnpike  roads,  &c.  by  which  much  of  the 
objections  raised  against  rail-ways  in  populous  districts  is 
obviated ;  and  the  facility  with  which  obstacles  in  private 
property  may  be  avoided.  In  enabling  the  engine  and 
train  of  carriages  to  be  suddenly  stopped,  whether  on 
level  ground  or  in  descending  hills.  Likewise  reducing 
the  liability  to  breakage  or  accident  in  stopping  such  car- 
riages, in  consequence  of  the  number  of  parts  to  resist  a 
sudden  impulse. 

^^  Rail-roads  of  the  usual  construction  soon  get  out  of 
order  by  wearing  at  the  turns,  and  in  the  settling  of  the 
ground  in  new  embankments,  which  will  be  wholly  pre- 
vented by  the  present  improvements.  There  being  no 
deep  cuttings  and  embankments,  property  in  land  will  not 
be  divided  by  them,  as  in  ordinary  cases.  By  means  of 
the  joints  (before  mentioned)  under  each  of  the  carriages, 
a  nearly  equal  bearing  of  each  wheel  is  effected,  if  the 
surface  of  the  rails  should  be  uneven,  so  as  to  cause  the 
axles  to  stand  at  different  angles.  A  considerable  saving, 
it  is  considered,  will  likewise  be  made  in  the  tonnage  and 
interest  of  the  capital  expended^  and  in  completing  the 
rail  in  much  less  time  than  usual;  also  in  the  facility  and 
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little  expense  attending  the  making  alterations  in  the  rail 
arter  completion." 

Mr.  W.  H.  James's  mode  of  communicating  the  impulse 
of  the  prime  mover  to  all  the  carriages  of  a  train,  seems  to 
be  well  deserving  of  the  attention  of  engineers;  but  we 
are  apprehensive  that  his  ingenious  combinations  for 
making  turns  in  the  road  will  not  wear  well  in  practice, 
and  that  the  disadvantages  of  the  increased  weight  of  the 
wheels,  and  other  obvious  difficulties  attending  a  perma* 
nent  adjustment  of  the  curved  rails,  will  prevent  their 
introduction.  The  inventor  has,  however,  given  the  sub- 
ject much  of  his  attention,  and  it  may  be  more  valuable 
than  we  conjecture. 

We  have  already  noticed  the  immense  extent  to  which 
rail-roads  have  been  carried  4n  various  parts  of  the  king- 
dom, and  we  conceive  it  to  be  now  our  duty  to  give  a 
detailed  account  of  that  stupendous  work,  the  Manchester 
and  Liverpool  Rail-way,  celeorated  for  having  called 
forth  the  talents  of  rival  engineers  to  produce  the  best 
locomotive  carriage,  to  be  employed  as  a  drag  upon  the 
rail-way.  In  that  account,  we  purpose  availing  ourselves 
largely  of  the  information  afforded  by  Mr.  Booth,  in  his 
interesting  history  of  this  rail-way,  as  the  facts  therein 
may  be  relied  upon  as  authentic,  owing  to  the  official 
situation  held  by  its  talented  author,  (that  of  Treasurer  to 
the  company.). 


In  1760,  two  thousand  five  hundred  and  sixty  vessels 
paid  dock  duties  at  Liverpool;  in  1824,  ten  thousand; 
and  in  1899,  eleven  thousand  three  hundred  and  eighty 
three ; — in  1760,  the  population  of  Liverpool  was  twenty- 
six  thousand ;  in  1821,  one  hundred  and  thirty-five  thou- 
sand ;  the  population  of  Manchester  being,  in  1760,  twenty- 
two  thousand ;  in  1824,  one  hundred  and  thirty-five  thou- 
sand;—^in  1784,  eight  bags  of  cotton  were  imported  into 
Liverpool  from  America;  in  1824,  four  hundred  and  nine 
thousand,  six  hundred  and  seventy  bags;  and  in  1829,  six 
hundred  and  forty  thousand,  nine  hundred  and  ninety- 
eight.      In  1790,   the  first  steam-engine   was  set  up  in 
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Manchester;  in  1824,  there  were  two  hundred  dteam-eu- 
gines  there:  in  1814,  there  was  not  one  power^loom  in 
'  Manchester;  in  1824,  there  were  thirty  thousand.  In 
18S4,  the  average  quantity  of  raw  and  manufactured 
goods  transmitted  between  the  two  towns  was  one  thou- 
sand tons  daily,  and  it  now  amounts  to  thirteen  hundred 
tons;  about  one  thousand  of  which  pass  from  Liverpool 
to  Manchester,  and  three  hundred  from  Manchester  to 
Liverpool.  The  bulk  of  this  immense  traflSc  was  carried 
by  means  of  two  canals. 

Goods  had  to  be  first  sent  up  the  river  Mersey  to  Run- 
corn, a  distance  of  about  twenty  miles,  and  thence  by  one 
of  the  two  canals  to  Manchester,  making  the  whole  dis- 
tance between  the  two  towns  about  fifty  miles.  In  summer 
time,  there  was  frequently  a  deficiency  of  water,  obliging 
boats  to  go  only  half  loaded,  while  in  winter,  they  were 
sometimes  locked  up  with  frost,  for  weeks  together.  Ves- 
sels, too,  were  often  arrested  in  their  progress  up  the 
Mersey,  by  contrary  winds,  and  exposed  to  loss  and  da- 
mage from  tempestuous  weather.  The  average  length  of 
the  passage  was  thirty-six  hours ;  but,  owing  to  the  various 
causes  of  delay  just  enumerated,  there  have  been  instances 
of  goods  being  a  longer  time  on  the  way  (by  water)  from 
Liverpool  to  Manchester,  than  from  New  York  to  Liver- 
pool I 

In  1824,  Mr.  Sanders,  to  whom  the  plan  of  a  rail-way 
between  the  two  towns  had  been  suggested  by  Mr.  Wil- 
liam James,  engineer,  published  a  pamphlet  in  further- 
ance of  the  plan,  in  which  he  observes,  ^^Notwithstanding 
all  the  accommodation  the  canals  can  ofi^er,  the  delays  are 
such  that  the  spinners  and  dealers  are  frequently  obliged 
to  cart  cotton  on  the  public  high-road,  a  distance  of  thirty- 
six  miles,  for  which  they  pay  four  times  the  price  whii^h 
would  be  charged  by  a  rail-road,  and  they  are  three  times 
as  long  in  getting  it  to  hand.  The  same  observation 
applies  to  manufactured  goods,  which  are  sent  by  land- 
carriage  daily,  and  for  which  the  rate  paid  is  five  times 
that  to  which  they  would  be  subject  by  the  rail-road. 
This  enormous  sacrifice  is  made  for  two  reasons;  some- 
26.  4q 
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times  because  conveyance  by  water  cannot  be  promptly 
obtained,  but  more  frequently  because  speed  and  cer- 
tainty as  to  delivery  are  of  the  very  first  importance/* 
About  the  same  period,  the  following  public  declaration 
was  signed  by  upwards  of  one  hundred  and  fifty  of  the 
most  respectable  merchants  of  Liverpool. 

^^  We,  the  undersigned  merchants  and  brokers,  resident 
in  the  port  of  Liverpool,  do  hereby  declare,  that  we  have 
for  a  long  time  past  experienced  great  diflSculty  in  ob« 
taining  vessels  to  convey  goods  from  this  place  to  Man- 
Chester,  and  that  the  delay  is  highly  prejudicial  to  the 
trading  and  manufacturing  interests  at  large;  that  we 
consider  the  present  establishments  for  the  transport  of 
goods  quite  inadequate,  and  that  a  new  line  of  convey* 
ance  has  become  absolutely  necessary,  to  conduct  the  in« 
creasing  trade  of  the  country  with  speed,  certainty,  and 
economy/' 

It  was  accordingly  determined  to  establish  a  company 
for  the  formation  of  a  double  rail-way  from  Liverpool  to 
Manchester,  and  on  the  S9th  of  October,  1824,  the  first 
prospectus  of  the  company  was  issued.  The  advantages 
promised  by  this  prospectus,  and  in  an  amended  one,  after- 
wards substituted,  were  briefly  these: — A  saving  of  time 
and  of  money  in  the  transmission  of  the  thousand  tons  or 
more  conveyed  between  the  two  towns  daily;  the  increase 
ef  commerce  and  manufactures,  by  increased  facility  of  in« 
tercourse;  an  improved  channel  for  the  conveyance  of 
the  manufactures  and  agricultural  produce  of  Ireland  to 
the  populous  counties  of  Lancaster  and  York ;  the  car- 
riage of  farming  produce  to  the  large  towns,  and  the 
return  of  lime,  manure,  &c.  to  the  farmers;  speedier 
conveyance  for  travellers ;  and  the  carriage  of  coals  to 
Liverpool  and  Manchester,  from  the  valuable  mines  in  the 
vicinity  of  St.  Helen's,  the  coals  having  been  heretofore 
brought  to  Liverpool  principally  by  canal,  a  distance  of 
thirty  miles,  whilst  by  the  rail-road  the  distance  would 
be  less  than  half,  and  the  price  materially  reduced.  The 
quantity  of  coals  consumed  annually  in  Liverpool  and 
Manchester  was  estimated  at  one  million  of  tons^  and  it 
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was  calculated  that  the  saving  in  the  price  of  this  neees*- 
sary  article  of  domestic  consumption,  would  alone  amount 
to  at  least  two  8billin«;s  per  ton,  or  £100,000  annually,  in 
the  consumption  of  the  two  towns. 

The  rails  used  in  this  work  are  of  the  edge  kind,  such 
as  we  have  described  at  page  570;  they  are  made  of 
wrought-iron,  in  lengths  of  five  yards  each,  and  weigh 
thirty-five  pounds  per  yard.  The  rails  are  supported, 
every  three  feet,  upon  stone  blocks,  each  block  containing 
nearly  four  cubic  feet  of  stone.  Two  holes,  six  inches 
deep  and  one  inch  diameter,  are  drilled  into  each  block, 
and  into  these  are  driven  oak  plugs;  and  the  cast-iron 
chairs,  to  which  the  rail  is  immediately  fastened,  are  firmly 
spiked  down  to  the  oak  plugs,  forming  altogether  a  con- 
struction of  great  solidity  and  strength.  On  the  embank- 
ments, where  the  foundation  may  be  expected  to  subside, 
the  rails  are  laid  on  oak  sleepers;  thus  there  are  thirteen 
miles  of  the  rail  resting  on  oak,  and  the  remaining  eigh- 
teen miles  on  stone  sleepers.  There  are  two  double  lines 
of  rails  (as  represented  in  the  preceding  figure  7,)  which, 
it  is  said,  '^are  laid  down  with  mathematical  correctness,*' 
and  there  is  reason  to  believe  that  great  attention  has 
been  paid  in  the  execution  of  this  part  of  the  work,  the 
resistance  to  the  motion  of  the  carriages  thereon  having 
been  found  much  less  than  any  other  rail-way  of  the  same 
kind.  The  four  rails  are  placed  equidistantly,  four  feet 
eight  inches  apart ;  they  are  about  two  inches  in  breadth, 
and  rise  about  one  inch  above  the  surface. 

From  Liverpool,  the  rail-way  commences  with  the  tun- 
nel, one  end  of  which  is  in  Wapping,  near  the  Queen^s 
Dock,  and  extending  under  the  town  of  Liverpool,  nearly 
from  west  to  east,  to  Edge  Hill,  a  distance  of  rather  more 
than  a  mile  and  a  quarter.  It  was  constructed  in  seven 
or  eight  separate  lengths,  -each  communicating  with  the 
surface  by  means  of  perpendicular  shafts.  The  first  two 
hundred  and  seventy  yards  from  Wapping  are  perfectly 
level;  in  the  remaining  distance  of  one  thousand  nine 
hundred  and  eighty  yards,  there  is  a  uniform  rise  of  three- 
fourths  of  an  inch  in  the  yard,  so  that  the  mouth  of  the 
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tunnel  at  Edge  Hill  is  one  hundred  and  twenty-three  feet 
higher  than  the  Wapping  end.  The  tunnel  is  white- 
washed throughout,  and  lighted  with  gas,  and  the  effect 
produced  is  very  singular  and  picturesque.  The  gas- 
lights, which  depend  from  the  roof,  are  thirty  yards  apart; 
those  nearest  the  spectator  appear  at  considerable  dis- 
tances from  each  other,  but  gradually  approximating  in 
the  perspective,  they  finally  become  blended  into  a  conti- 
nuous and  brilliant  line  of  flame,  fading  away  from  a  pure 
white  to  a  fine  red  colour.  The  whitened  roof  and  sides 
contiguous  to  each  light  are  so  strongly  illumined,  that 
the  whole  vista  appears  like  a  succession  of  superb  arches 
formed  through  massive  parallel  walls,  the  intervening 
spaces  being  left  in  comparative  darkness.* 

About  half  a  mile  from  the  tunnel,  the  rail-road  crosses 
Wavertree  Lane,  and  there  is  then  a  descent,  for  five 
miles  and  a  half,'  at  the  rate  of  one  in  eighteen  hundred 
and  twenty,  or  four  feet  in  the  mile.  About  half  a  mile 
to  the  north  of  Wavertree,  at  Olive  Mount,  there  is  an 
excavation  through  the  solid  rock,  seventy  feet  below  the 
surface,  and  two  miles  in  length.  The  road  is  here  little 
more  than  barely  sufiicient  for  two  carriages  to  pass.  The 
road  is  then  carried,  by  means  of  a  great  embankment, 
varying  from  fifteen  to  forty-five  feet  in  height,  and  from 
sixty  to  one  hundred  and  thirty-five  feet  in  breadth  at  the 
base,  across  a  valley  at  Roby,  or  Broadgreen,  two  miles 
in  length.  It  then  crosses  the  Huyton  turnpike  road,  a 
little  past  Roby;  six  miles  and  three  quarters  from 
Liverpool  there  is  a  junction  rail- way,  for  the  conveyance 
of  coals  from  the  neighbouring  mines ;  on  the  right,  and 
at  a  distance  of  seven  or  eight  miles  from  the  Liverpool 
station,  it  comes  to  the  Whiston  inclined  plane,  which  is 
one  mile  and  a  half  long,  and  rises  about  one  in  ninety-six. 
There  is  here  a  stationary  engine  to  assist  the  carriages 
in  their  ascent.  For  nearly  two  miles,  the  road  is  then  on 
an  exact  level.  It  was  on  this  part  of  the  road,  that  the 
contest  of  locomotive  carriages,  for  the  premium  of  £600, 

•  Walker's  "Description  of  the  Rail- way/' 
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took  place,  in  October  last,  the  result  of  which  determined 
the  directors  to  make  use  of  locomotive  engines  instead  of 
stationary  ones.  About  half  a  mile  from  the  Whiston 
plane,  at  Rainhill,  the  Liverpool  and  Manchester  turn- 
pike-road crosses  the  rail-way,  at  an  angle  of  thirty-four 
degrees.  On  leaving  the  level  at  Rainhill,  the  rail-way 
crosses  the  Sutton  inclined  plane,  which  is  of  the  same 
extent  as  that  at  Whiston,  and  descends  in  the  same  pro- 
portion that  the  other  rises.  There  is  here  another  sta- 
tionary engine.  A  little  beyond  Rainhill  several  collieries 
communicate  with  the  road  by  means  of  rail-ways,  and 
the  Runcorn  Gap  Rail-way  will  here  cross  the  line  to  St. 
Helen's. 

The  next  olyect  of  interest  is  Parr  Moss,  the  road  over 
which  is  formed  principally  of  the  clay  and  stone  dug  out 
of  the  Sutton  inclined  plane,  and  extends  about  three 
quarters  of  a  mile.  The  moss  was  originally  about  twenty 
feet  deep,  and  the  embankment  across  it  is  nearly  twenty- 
five  feet  high,  though  only  four  or  five  feet  now  appear 
above  the  surface,  the  rest  having  sunk  below  it.  The 
road  is  then  carried  over  the  valley  of  Sankey,  by  means 
of  a  massive  and  handsome  viaduct,  consisting  of  nine 
arches,  of  fifty  feet  span  each ;  the  height  of  the  parapet 
being  seventy  feet  above  the  Sankey  canal  in  the  valley 
beneath.  The  viaduct  is  built  principally  of  brick,  with 
stone  facings,  and  the  foundations  rest  on  piles  of  from 
twenty  to  thirty  feet  in  length,  driven  into  the  ground. 
The  breadth  of  the  rail-way  between  the  parapets  is 
twenty-five  feet.  The  viaduct  is  approached  by  a  stu- 
pendous embankment,  formed  principally  of  the  clay  dug 
from  the  high  lands  surrounding  the  valley.  The  appear- 
ance of  the  vessels  sailing  in  the  canal,  seventy  feet  be- 
neath the  viaduct,  has  a  romantic  and  striking  effect.  It 
is  situated  about  fourteen  miles  and  a  half  from  Liverpool. 
The  expense  was  £45,208  :  18  :  6.  A  little  to  the  south 
of  the  town  of  Newton,  the  rail-way  crosses  a  narrow 
valley,  by  the  short  but  lofty  embankment  of  Sandy  Mains, 
and  a  handsome  bridge  of  four  arches,  each  forty  feet 
span,  under  one  of  which  passes  the  Newton  and  War- 
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rington  turnpike- road.    The  Wigan  and  Newton  branch 
here  enters  the  rail-way. 

A  few  miles  beyond  Newton  is  the  great  Kenyon  exca- 
vation, from  which,  above  eight  thousand  cubic  yards  of 
clay  and  sand  were  dug  out.  The  Kenyon  and  Lieigh 
Junction  Rail- way  here  joins  the  Liverpool  and  Man- 
chester line,  and,  as  it  also  joins  the  Bolton  and  Leigh 
line,  brings  into  a  direct  communication  Liverpool  and 
Bolton.  The  Liverpool  and  Manchester  Railway  then 
passes  successively  under  three  handsome  bridges ;  and  a 
little  beyond  Culcheth,  over  the  Brosely  embankment, 
which  is  about  a  mile  and  a  half  in  length,  and  from 
eighteen  to  twenty  feet  in  height.  It  then  passes  over 
Bury  Lane,  and  the  small  river  Gless,  or  Glazebrook, 
and  arrives  at  Chat  Moss.  This  is  a  huge  bog,  comprising 
an  area  of  about  twelve  square  miles,  so  soft  that  cattle 
cannot  walk  over  it,  and  in  many  parts  so  fluid,  that  an 
iron  rod  laid  upon  the  surface  would  sink  to  the  bottom, 
by  the  effect  of  its  own  gravity.  It  is  from  ten  to  thirty- 
five  feet  deep,  and  the  bottom  is  composed  of  clay  and 
sand.  It  was  accounted  by  some  an  impossibility  to  carry 
the  road  across  this  huge  bog;  but,  by  ingenuity  and  per- 
severance, the  work  has  been  effected,  and  a  firm  road  is 
now  carried  across  the  moss.  Hurdles  of  brushwood  and 
heath  are  placed  under  the  wooden  sleepers,  supporting 
the  rails  over  the  greatest  part  of  the  moss,  and  the  road 
may  be  said  to  float  on  the  surface.  The  most  difficult 
part  was  on  the  eastern  border,  extending  about  hiilf  a 
mile,  where  an  embankment  of  twenty  feet  in  height  was 
made,  and  many  thousand  cubic  feet  of  earth  sank  into 
the  moss  and  disappeared,  before  the  line  of  road  ap- 
proached the  proposed  level.  At  length,  however,  it 
became  consolidated;  in  1829,  one  rail-way  was  laid  over 
the  whole  moss,  and  on  the  first  of  January,  1890,  the 
Rocket  steam  engine,  with  a  carriage  and  passengers, 
passed  over  it.  The  line  extends  across  the  moss  a  dis- 
tance of  about  four  miles  and  three  quarters,  and  the  road 
is  not  inferior  to  any  other  part  of  the  rail-way.  The 
work  was  completed  at  an  expense  of  £27,719  :  11  :  10. 
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On  leaving  Chat  Moss,  (he  road  passes  over  the  low>- 
lands  at  Barton,  extending  about  a  mile  between  the  moes 
and  Worsley  canal,  by  means  of  an  embankment;  it  is 
carried  over  the  canal  by  a  neat  stone  viaduct  of  two 
arches ;  it  then  proceeds  through  Eccles,  and  a  portion  of 
Salford,  under  six  bridges ;  it  is  carried  over  the  Irwell 
by  a  handsome  stone  bridge,  of  sixty-three  feet  span, 
thirty  feet  from  the  water,  and  then  over  twenty-two  brick 
arches;  and  a  bridge  over  Water  Street,  to  the  Company's 
station  in  Water  Street,  Manchester,  a  distance  of  thirty* 
one  miles  from  the  Liverpool  station.  The  rail-way  is 
there  on  a  level  with  the  second  story  of  the  Company's 
warehouses.  On  the  line  between  Liverpool  and  Man- 
chester, there  are,  besides  culverts  and  foot  bridges,  sixty- 
three  bridges,  of  which  thirty  pass  under  the  turnpike- 
road,  twenty-eight  over  it,  four  over  brooks,  &c.,  and  one 
over  the  river  Irwell.  There  are  twenty-two  of  brick^ 
seventeen  of  wood  and  brick,  eleven  of  brick  and  stone, 
eleven  of  wood,  and  two  of  stone  and  wood,  at  a  total 
expense  of  £9S),06j  :  1 1  :  9. 

From  the  top  of  the  Liverpool  tunnel  to  Manchester, 
with  the  exception  of  two  inclined  planes  at  Rainhill, 
(one  ascending  and  the  other  descending,  at  an  inclination 
of  one  in  ninety-six,  and  where  some  assistant  power  must 
be  used)  there  is  no  greater  inclination  than  in  the  ratio 
of  about  one  in  eight  hundred  and  thirty ;  and  since  the 
advantage  on  the  descending  side  will  nearly  counter- 
balance the  disadvantage  in  ascending  so  gradual  a  slope, 
the  rail-way  may  be  regarded,  for  practical  purposes,  as 
nearly  horizontal.  The  rails  at  the  mouth  of  the  tunnel, 
at  Edge-hill,  are  forty-six  feet  above  the  rails  at  the 
Manchester  end  of  the  line. 

In  the  formation  of  the  rail-way,  there  have  been  dug 
out  of  the  different  excavations,  upwards  of  three  millions 
of  cubic  yards  of  stone,  clay,  and  soil;  and  the  weight  of 
the  double  lines  of  rail  laid  down,  is  more  than  four  thou- 
sand tons. 

The  following  general  abstract  of  the  expenditure  of 
the  rail-way,  to  the  thirty-first  of  May,  1830,  showing  the 
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cost  of  the  different  branches  of  the  undertaking,  may  be 
of  considerable  use  to  those  who  shall  hereinafter  embark 
in  similar  adventures. 


AdverlisiDg  acconnt    £338    1    4 

Brick,  making  accomit 0,784    4    4 

Bridge  account 99,065  11    9 

Charge  for  direction    1,911    0    0 

Charge  for  fencing  10,208  16    5 

Cart  establishment  461    6    3 

Chat  Moss  account* 27,719  1 1  10 

Cuttings  and  embankmentsf 199,763    S    0 

Carrying    department,   comprising    ac- 
count expended  in  land  and  buildings 
for  stations  and    depAts,  warehouses, 
offices,  &c.,  at  the  Liverpool  end  ....   £B5,S9B    0    0 
Expended  at  the  Manchester  station    ..       6,159    0    0 

Sidetunnel    2,485    0    0 

Gas-light  account,  inclndingcost  of  pipes, 

gasometer,  &c 1,046    0    0 

Engines,  coaches,  machines,  &c 10,991  11    4 

56,219  11    4 


Carried  forward  £405,399  11    S 


*  The  embankments  included  under  this  head  consist  of  about  two 
hundred  and  seventy-seven  thousand  cubic  yards  of  raw  moss  earth, 
in  the  formation  of  which,  about  six  hundred  and  seventy-seven  thou- 
sand cubic  yards  of  raw  moss  have  been  used;  the  difference  in  mea- 
surement being  occasioned  by  the  squeezing  out  of  the  superabundant 
water,  and  consequent  consolidation  of  the  moss.  The  expenditure 
on  this  part  of  the  line  has  been  less  than  the  average  expenditure. 

j*  Under  this  head  is  comprised  the  earth  work  on  the  whole  line, 
exclusive  of  the  Chat  Moss  district.  The  cuttings  somewhat  exceed 
the  embankings;  the  surplus  is  principally  deposited  along  the  border 
of  the  Great  Kenyon  Cutting.  The  excavations  consist  of  about  seven 
hundred  and  tweuty-two  thousand  cubic  yards  of  rock  and  shole,  and 
about  two  million  six  thousand  cubic  yards  of  marl,  earth,  and  sand. 
This  aggregate  mass  has  been  removed  to  various  distances,  from  a 
few  furlongs  to  between  three  and  four  miles;  and  no  inconsiderable 
portion  of  it  has  been  hoisted  up  by  machinery,  from  a  depth  of  thirty 
to  sixty  feet,  to  be  deposited  on  the  surface  above,  either  to  remain 
in  permanent  spoil  banks,  or  to  be  afterwards  carried  to  the  next 
embanknient 
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Brought  forward  ....   £405,399  11     3 

Formation  of  the  road* 80^8  16    5 

Rail  account 67,912    0    0 

ThiK  expenditure  comprises  the  following  items; — 
Rails  for  a  double  way  firom  LiTerpool  to 
Manchester,  with  occasional  lines  of 
communication,  and  additional  side-lines 
at  the  different  dep6ts,  being  about 
thirty-five  miles  of  double  way  =  three 
thousand  eight  hundred  and  forty-seven 
tons,  at  prices  averaging  something  less 

than  £12  :  10#.  per  ton   48,000    0    0 

Cast-iron  chains,  one  thousand  four  hun- 
dred and  twenty-eigbt  ton8,at  an  average 

of£lO:10# 15,000    0     0 

Spikes  and  keys  to  fasten  the  chains  to  the 
blocks,  and  the  rails  to  the  chains. . . .       3,830    0    0 

Oak  plugs  for  the  blocks 615    0    0 

Sundry  freights,  cartages,  &c 467    0    0 

Interest  account  (balance) 8,629  16    7 

Land  account    95,805    8    8 

Office  establishment    4,929    8    7 

Parliamentary  and  law  expenditure 28,465    6  11 

Stone  blocks  and  sleeperst    20,520  14    5 

Surveying  account 19,829    8    7 

Travelling  account 1,423     1     5 

Tunnel  account 34,791     4    9 

Tunnel  compensation  account   9,997    5    7 

Waggons  used  in  the  progress  of  the  work    24,185    5    7 

Sundry   payments   for    timber,   iron,    petty    disburse- 

ments,  &c 2,227  17    8 

£789,185     5     0 


*  By  this  is  understood  what  is  termed  ballasting  the  road^that  ii), 
depositing  a  layer  of  broken  rock  and  sand,  about  two  feet  thick,  viz. 
one  foot  below  the  blocks,  and  one  foot  distributed  between  them, 
eerving  to  keep  them  firm  in  their  places.  Spiking  down  the  iron 
chains  to  the  blocks  or  sleepers,  fastening  the  rails  to  the  chains  with 
iron  keys,  and  adjusting  the  rail-way  to  the  exact  width,  and  curve, 
and  level,  come  under  this  head  of  expenditure. 

t  Out  of  thirty-one  miles,  eighteen  are  laid  with  stone  blocks,  and 
thirteei^  with  wooden  sleepers  or  larch;  the  latter  being  laid  pnn- 
cipally  across  the  embankment  and  across  the  two  districts  of  moss 

26.  *H 
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The  directors,  in  their  report  of  March  last,  state,  that, 
for  the  finishing  the  work,  waitings,  fencings,  warehouses^, 
&c.  a  further  sum  of  £80,834  :  l&s*  will  be  necessary; 
thus  making  the  whole  sum  expended  in  this  magnificent 
and  national  undertaking,  £820,000,  or  more  than  double 
the  estimate  made  in  the  first  prospectus  of  the  company. 

It  appears  that  the  directors  had  considerable  difficulty 
in  coming  to  a  conclusion  respecting  the  kind  of  carriage 
to  be  used,  and  the  power  to  be  employed.  On  this  part 
of  the  subject,  Mr.  Booth  observes : — 

^^  Multifarious  were  the  schemes  proposed  to  the  direc- 
tors for  facilitating  locomotion.  Communications  were 
received  from  all  classes  of  persons,  each  recommending 
an  improved  power,  or  an  improved  carriage ;  from  pro- 
fessors of  philosophy,  down  to  the  humblest  mechanic,  all 
were  zealous  in  their  proifers  of  assistance.  England, 
America,  and  continental  Europe,  were  alike  tributary. 
Every  element,  and  almost  every  substance,  was  brought 
into  requisition,  and  made  subservient  to  the  great  work. 
The  friction  of  the  carriages  was  to  be  reduced  so  low, 
that  a  silk  thread  would  draw  them,  and  the  power  to  be 
applied  was  so  vast  as  to  rend  a  cable  asunder.  Hydrogen 
gas  and  high-pressure  steam,  columns  of  water  and  columns 
of  mercury,  a  hundred  atmospheres  and  a  perfect  vacuum, 
machines  working  in  a  circle  without  fire  or  steam,  gene* 
rating  power  at  one  end  of  the  process  and  giving  it  out 
at  the  other,  carriages  that  conveyed  every  one  its  own 
rail-way,  wheels  within  wheels  to  multiply  and  feed  with- 
out diminishing  power;  with  every  complication  of  ba- 
lancing and  countervailing  forces,  to  the  ne  plus  ultra  of 
perpetual  motion.  Every  scheme  which  the  restless  in- 
genuity or  prolific  imagination  of  man  could  devise,  was 
liberally  offered  to  the  company, — the  difficulty  was,  to 
choose  and  to  decide. 

^^  Was  a  capital  of  £100,000  to  be  invested  in  stationary 
engines^  or  in  locomotives?  The  directors  resolved  to  ob- 
tain the  assistance  of  two  professional  engineers,  who 
should  visit  the  Darlington  and  Newcastle  rail-wa/s,  the 
great  theatre  of  practical  operations,  carefully  examine 
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the  working  of  the  two  species  of  mechanical  power, 
taking  note  of  the  advantages  and  disadvantages  of  each, 
make  an  accurate  calculation  of  the  cast  of  both  modes  of 
conveyance,  and  report  to  the  Board  fully  on  the  subject." 
This  wto  accordingly  done,  and  the  reports  of  the  compa- 
rative merits  of  the  two  modes  were  laid  before  the  com* 
mittee. 

The  leaning  on  the  part  of  a  majority  of  the  directors 
was  in  favour  of  locomotives,  provided  they  could  be  con* 
structed  of  adequate  power,  and  at  a  leas  weight  than  the 
travelling  engines  then  in  use,  which  were  generally  eight 
or  nine  tons  in  weight,  and  some  still  heavier,  the  conse-^ 
quence  of  which  was,  no  small  injury  to  the  rail-ways,  and 
proportionate  expense  in  keeping  the  road  in  repair:  and 
further,  it  was  quite  essential,  according  to  the  provisions 
of  the  Railway  Act,  that  they  should  not  smoke.  The 
directors  determined  to  obtain,  if  possible^  a  locomotive 
engine  of  improved  construction,  that  should  comply  with 
these  conditions ;  and  with  that  object  in  view,  publicly 
offered  a  reward  for  the  most  improved  locomotive  engine, 
subject  to  certain  stipulations  and  conditions,  a  copy  of 
which  is  subjoined* 

^^  RaiUway  Office,  Liverpool^ 
95th  Aprily  1829. 

^'Stipulations  and  Conditions 

^'  On  which  the  directors  of  the  Liverpool  and  Man- 
chester Rail-way  offer  a  premium  of  £500,  for  the  most 
improved  locomotive  engine. 

'^  1.  The  said  engine  must '  effectually  consume  its  own 
smoke,"  according  to  the  provisions  of  the  Rail-way  Act, 
7th  Geo.  IV. 

'^  2.  The  engine,  if  it  weighs  six  tons,  must  be  capable 
of  drawing  after  it,  day  by  day,  on  a  well-constructed 
rail- way,  on  a  level  plane,  a  train  of  carriages,  of  the  gross 
weight  of  twenty  tons,  including  the  tender  and  water- 
tank,  at  the  rate  of  ten  miles  an  hour,  with  a  pressure  of 
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steam  in  the  boiler  not  exceeding  fifty  pounds  on  tlie 
square  inch. 

^'3.  There  must  be  two  safety-valves,  one  of  which 
must  be  completely  out  of  the  reach  or  controul  of  the 
engine*man,  and  neither  of  which  must  be  fastened  down 
while  the  engine  is  working* 

^<  4.  The  engine  and  boiler  must  be  supported  on  springs, 
and  rest  on  six  wheels;  and  the  height,  from  the  ground 
to  the  top  of  the  chimney,  must  not  exceed  fifteen  feet. 

^^5.  The  weight  of  the  machine,  urith  its  complement  of 
water  in  the  boiler,  must,  at  most,  not  exceed  six  tons; 
and  a  machine  of  less  weight  will  be  preferred,  if  it  draw 
after  it  a  proportionate  weight;  and  if  the  weight  of  the 
engine,  &c.  do  not  exceed  five  tonSj  then  the  gross  weight 
«to  be  drawn  need  not  exceed  fifteen  tons,  and  in  that  pro- 
portion for  machines  of  still  smaller  weight,  provided  that 
the  engine,  &c.  shall  still  be  on  six  wheels,  unless  the 
weight  (as  above)  be  reduced  to  four  tons  and  a  half,  or 
under,  in  which  case  the  boiler,  &c.  may  be  placed  on 
four  wheels.  And  the  company  shall  be  at  liberty  to  put 
the  boiler,  fire-tube,  cylinders,  &c.  to  the  test  of  a  pres- 
sure of  water  not  exceeding  one  hundred  and  fifty  pounds 
per  square  inch,  without  being^nswerable  for  any  damage 
the  machine  may  receive  in  consequence. 

'^6.  There  must  be  a  mercurial  guage  affixed  to  the 
machine,  with  index  rod,  showing  the  steam  pressure  above 
forty-five  pounds  per  square  inch,  and  constructed  to  blow 
out  a  pressure  of  sixty  pounds  per  inch. 

"  7.  The  engine  to  be  delivered  complete  for  trial,  at 
the  Liverpool  end  of  the  rail-way,  not  later  than  the  1st 
of  October  next. 

'^  8.  The  price  of  the  engine  which  may  be  accepted,  not 
to  exceed  £S50,  delivered  on  the  rail-way ;  and  any  en- 
gine not  approved,  to  be  taken  back  by  th^  owner. 

^*  N.B.  The  rail-way  company  will  provide  the  engine 
tender  with  a  supply  of  water  and  fuel  for  the  experi- 
ment. The  distance  within  the  rails  is  four  feet  eight 
inches  and  a  half." 


AND  I^IVEBPOOL  RAIL-WAY.  06 

Meanwhile,  all  measures  relative  to  the  moving  power 
were  suspended,  till  the  result  of  the  trials  of  the  specimen 
engines  should  be  ascertained.  On  the  6th  of  October, 
which  was  the  day  subsequently  fixed  for  the  trials,  the 
judges  appointed  by  the  company,  on  considering  the  card 
of  ^^stipulations  and  conditions"  originally  issued  by  the 
directors,  found  it  necessary  to  make  the  following  ar- 
rangements for  the  trial,  which  we  insert,  as  some  of  the 
conditions  embrace  a  very  correct  mode  of  testing  the 
power  of  such  machines. 


^^TRIAL  OF    THE   LOCOMOTIVE  ENGINES  ON  THE  LIVER- 
POOL AND  MANCHESTER  RAIL-WAT. 

^^  The  following  is  the  ordeal  which  we  have  decided 
each  locomotive  engine  shall  undergo,  in  contending  for 
the  premium  of  £500,  at  Rainhill. 

^^  The  weight  of  the  locomotive  engine,  with  its  full 
complement  of  water  in  the  boiler,  shall  be  ascertained  at 
the  weighing-machine,  by  eight  o'clock  in  the  *morning, 
and  the  load  assigned  to  it  shall  be  three  times  the  weight 
thereof.  The  water  in  the  boiler  shall  be  cold,  and  there 
shall  be  no  fuel  in  the  fire-place.  As  much  fuel  shall  be 
weighed,  and  as  much  water  shall  be  measured  and  deli- 
vered into  the  tender  carriage,  as  the  owner  of  the  engine 
may  consider  sufficient  for  the  supply  of  the  engine  for  a 
journey  of  thirty-five  miles.  The  fire  in  the  boiler  shall 
then  be  lighted,  and  the  quantity  of  fuel  consumed  for 
getting  up  the  Steam  shall  be  determined,  and  the  time 
noted. 

^^  The  tender  carriage,  with  the  fuel  and  water,  shall  be 
considered  to  be,  and  taken  as  part  of  the  load  assigned  to 
the  engine. 

^^  Those  engines  which  carry  their  own  fuel  and  water, 
shall  be  allowed  a  proportionate  deduction  from  their 
load,  according  to  the  weight  of  the  engine. 

^^  The  engine,  with  the  carriages  attached  to  it,  shall 
be  run  by  hand  up  to  the  starting-post;  and  as  soon  as  the 
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Steam  is  got  up  to  fifty  pounds  per  square  inch,  the  engine 
shall  set  out  upon  its  journey. 

'^  The  distance  the  engine  shall  perform  each  trip,  shall 
be  one  mile  and  three  quarters  each  way,  including  one 
eighth  of  a  mile  at  each  end,  one  for  getting  up  the  speed, 
and  the  other  for  stopping  the  train ;  by  this  means,  the 
engine,  with  its  load,  will  travel  one  mile  and  a  half  each 
way,  at  full  speed. 

^^The  engine  shall  make  ten  trips,  which  shall  be  equal 
to  a  journey  of  thirty-five  miles;  thirty  miles  whereof 
shall  be  performed  at  full  speed,  and  the  average  rate  of 
travelling  shall  not  be  less  than  ten  miles  an  hour* 

^^  As  soon  as  the  engine  has  performed  this  task  (which 
will  be  equal  to  the  travelling  from  Liverpool  to  Man- 
chester,) there  shall  be  a  fresh  supply  of  fuel  and  water 
delivered  to  her ;  and  as  soon  as  she  can  be  got  ready  to 
set  out  again,  she  shall  go  up  to  the  starting-post,  and 
make  ten  trips  more,  which  will  be  equal  to  the  journey 
from  Manchester  back  again  to  Liverpool. 

^^  The  time  of  performing  every  trip  shall  be  accurately 
noted,  as  well  as  the  time  occupied  in  getting  ready  to  set 
out  on  the  second  journey. 

'^  Should  the  engine  not  be  enabled  to  take  along  with 
it  sufficient  fuel  and  water  for  the  journey  of  ten  trips, 
the  time  occupied  in  taking  in  a  fresh  supply  of  fuel  and 
water,  shall  be  considered,  and  taken  as  a  part  of  the  time 
in  performing  the  journey. 

^^  J.U.RASTRiCK,Esq.Stourbridge,C,E.  N 

^<  NiCH*.  Wood,  Esq.  KilIingworth,C.E.C  Judges, 

^^  John  Kennedy,  Esq.  Manchester.         y 

^'Liverpool,  Oci.  6, 1829." 

The  number  of  competitors  actually  ready  to  take  the 
field  were  only  five,  although  several  other  individuals 
had  made  preparations  for  that  purpose,  but  were  not 
ready  in  time.  The  following  is  a  list  of  those  which  ex« 
perimented : — 

No.  I.  Messrs.  Braithwaite  and  Ericsson,  of  London^ 
"  The  Novelty  ;"  weight,  2  tons,  15  cwt. 
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No.  2.  Mr.  Timothy  Hackworib,  of  Darlio^on,  '<  The 
Sans  Pareil;  *  weight,  4  tons,  8  cwt.,  2  qrs. 

No.  3.  Mr.  Robert  Stephenson,  of  NewcBstle-upoo- 
Tyiie,  "  The  Rocket!"  weight,  4  tons,  3  cwt. 

No.  4.  Mr.  Brandreth,  of  Liverpool,  "  The  Cyclopede  ;'* 
weight,  3  tons,  worked' by  a  horse. 

No.  5.  Mr.  Buratalt,  of  Edinburgh^  "  The  Perseve- 
rance;" weight,  9  tons,  17  cwt. 
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On  the  6tb9  the  first  engine  which  experimented  was 
^^  The  Rocket**  of  Mr.  Stephenson,  an  external  view  of 
which  is  represented  in  the  preceding  cut. 

Its  construction  has  been  thus  described  in  a  periodical 
journal: — ^^  The  furnace.  A,  is  two  feet  wide,  by  three 
feet  high ;  the  boiler,  B,  is  six  feet  long,  and  three  feet  in 
diameter.  The  furnace  has  an  external  casing,  between 
which  and  the  fire-place  there  is  a  space  of  three  inches, 
filled  with  water,  and  communicating  with  the  boiler. 
The  heated  air  from  the  furnace  is  circulated  through  the 
boiler  by  means  of  twenty-five  copper  pipes,  of  three 
inches  each  in  diameter,  which  have  their  termination  in 
the  tall  chimney  C.  P  G,  are  safety  valves ;  H  H,  the 
steam  eduction  pipes ;  D,  one  of  two  steam  cylinders,  which 
are  placed  in  an  inclined  position,  and  embrace,  like  two 
arms,  the  boiler  between  them.  E,  one  of  the  connecting 
rods,  which  give  motion  to  the  wheels;  a,  the  slide-valves; 
and  o,  one  of  two  escape-pipes.  M  is  part  of  the  tender 
appropriated  to  the  carriage  of  the  fuel ;  N,  the  water 
cask." 

From  this  description  of  Mr.  Stephenson's  machine,  it  is 
evidently  capable  of  affording  considerable  power.  A 
load  was  attached  to  it,  of  twelve  tons,  fifteen  hundred 
weight,  which  it  drew  at  the  rate  of  from  ten  to  eleven 
miles  in  the  hour,  and  when  the  weight  was  detached 
from  it,  it  attained  a  speed  of  about  eighteen  miles  in  the 
hour.  This  experiment,  it  would  appear,  was  only  in- 
tended as  a  rehearsal,  and  not  as  a  decisive  trial  of  its 
powers,  as  it  was  afterwards  proved  capable  of  producing 
more  than  double  that  effect,  as  we  shall  hereafter  describe, 
in  its  proper  place. 

The  next  engine  that  exhibited  its  locomotive  power 
was  "  The  Novelty,"  of  Messrs.  Braithwaite  and  Ericsson, 
which  was  much  admired  for  its  lightness  and  compact- 
ness; the  form  being  also  very  different  to  that  of  all 
other  locomotives  previously  used,  and  the  beauty  or  su- 
perior finish  of  its  workmanship,  made  it  an  object  of  great 
attraction.  In  the  annexed  cut,  a  side  elevation  of  it  is 
fi:iven. 
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The  preceding  eng^raving,  fig.  1,  exhibits  an  external 
elevation  of  the  machine.  F,  is  the  carriage-frame;  E, 
one  end  of  a  long  horizontal  cylinder,  forming  the  prin- 
cipal part  of  the  boiler,  which  extends  to  the  large  ver- 
tical vessel  A,  at  the  other  end  of  the  carriage,  and  con- 
tains forty-five  gallons  of  water;  L,  a  hopper,  to  supply 
the  fuel,  (which  is  carried  in  small  baskets  placed  on  the 
carriage,)  whence  it  is  conducted  by  a  tube  in  the  centre 
of  the  steahi'^chamber  A,  into  the  furnace  S,  beneath.  At 
C,  is  a  blowing  machine,  the  air  from  which  is  conducted 
by  a  pipe  under  the  carriage,  and  proceeding  by  the  tube 
K,  enters  the  ash-pit  M,  under  the  furnace;  Q,  is  a  pipe 
for  the  escape  of  the  heated  gases  after  the  combustion, 
and  forms  the  only  chimney  used;  B,  is  the  water-tank; 
at  D  N  are  two  working  cylinders,  with  their  steam-pipes 
and  valves;  the  cylinders  are  six  inches  in  diameter,  and 
have  a  twelve-inch  stroke;  O  G  are  connecting  rods, 
which  impart  the  force  of  the  engines  to  the  running 
wheels;  the  arrangement  of  these  parts  will  be  bettei 
comprehended  by  the  annexed  diagram,  fig.  8. 

The  axletrees  are  fixed  to  an  iron  rod  A,  and  slings 
are  introduced  at  C,  to  prevent,  it  is  said,  the  side 
action  between  the  rod  and  the  carriage- frame  B;  and  to 
prevent  the  eflfect  of  the  springs  from  counteracting  the 
action  of  the  engine,  the  connecting  rods  at  D  are  placed, 
as  nearly  as  possible,  in  a  horizontal  position,  and  the 
motion  is  communicated  to  them  by  bell-cranks  at  E,  on 
each  side  of  (he  carriage,  being  connected  by^  the  slings  F, 
to  the  piston  rods.  The  pistons  used  are  iM  patent  me- 
tallic of  BaHon,  (described  at  page  427,)  ahd  the  running 
wheels,  the  patent  suspension  kind,  of  Theodore  Jones  and 
Co.  (See  Journal  of  Patent  Inventions^  voli  ii.  page  65.) 

Fig.  3,  exhibits  a  section  of  the  boiler  introduced  by 
Messi*s.  Braithwaite  and  Ericsson,  into  ^^  The  Novelty** 
steam-carriage,  which  we  are  induced  to  insert  here,  as  it 
has  been  deemed,  by  some  influential  persons^  to  be  the  grand 
desideratum  in  this  branch  of  practical  mechanics;  it  is, 
therefore,  desirable  that  its  real  merits  should  come  under 
the  consideration  of  the  reader. 
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S,  18  the  -furnace  snrrouDded  by  water,  and  L,  the  tube 
by  which  the  fuel  is  supplied  to  feed  the  fire;  M,  is  the 
Bsh-pit,  through  which  the  air  is  forced  by  the  pipe  K, 
front  the  bellows  of  the  enjcine.  The  vessel  containing 
the  water  that  surrounds  the  furnace,  and  the  long  cylin- 
der that  proceeds  horizontally  from  it,  constitute  the 
boiler,  as  shown  at  E  E  e.  The  flames  and  beated  air 
from  the  furnace,  after  ascending  by  the  action  of  the  bel- 
lows, enter  a  long  tortuous  flue,  which  makes  three  turns 
in  the  entire  length  of  the  horizontal  boiler,  escaping 
finally  at  the  chimney.  The  fuel  in  the  furnace  has,  there- 
fore, a  direct  action  upon  the  water  surrounding  it,  and 
the  water  in  the  long  cylinder  is  operated  upon  by  the  gaees 
in  the  flue,  which  gradually  tapers  from  the  furnace 
to  the  chimney,  and  has  a  constant  inclination  downward. 
This  part  of  the  arrangement  seems  to  be  good,  as  afford- 
ing convenient  mearu  of  cleansing  the  flues  of  any  soot 
that  may  deposit  itself  in  them,  which,  it  is  presumed,  may 
be  performed  at  any  time,  by  an  energetic  application  of 
the  blowing  machine;  and  as  the  whole  of  the  furnace 
and  flues  is  surrounded  by  the  water  of  the  boiler,  there 
can  evidently  be  very  little  of  the  heat  from  the  fuel  mis- 
applied. Notwithstanding  these  important  advantages, 
we  are  intlined  to  believe  that  the  boiler  will  not  stand 
the  test  of  experience;  we  suspect  that  the  boiler  will  he 
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fk*equenlly  '^  burnt  out,"  in  those  places  where  a  sudden 
turn  in  the  flue  causes  the  air  to  imping^e  in  greater  quan- 
tity or  force  than  on  the  surrounding  portions*  Several 
failures  of  the  boiler  have  already  taken  place  near  the 
flange  a,  where  the  ascending  current  of  the  concentrated 
heat  of  (he  furnace  first  impinges  with  great  force.  Should 
the  pumps  happen  to  fail  temporarily  in  supplying  the  rev 
quisite  quantity  of  water,  (which  is  not  of  uufrequent 
occurrence,Xand  that  part  of  the  boiler  become  uncovered 
with  the  fluid,  it  would  instantly  be  made  red  hot,  and  a 
renewed  supply  of  water  afterwards  would  almost  infal- 
libly cause  a  violent  explosion  of  the  boiler,  by  the  sud- 
den generation  of  very  high  steam.  The  great  steam 
chamber  A,  is  also  a  source  of  great  danger,  by  its  inca- 
pacity to  withstand  any  sudden  increase  of  force.  Indeed, 
we  are  of  opinion  that  all  boilers  having  large  steam 
chambers  exposed  to  great  variations  of  temperature  and 
the  force  of  steam,  are  unsuited  to  high-pressure  engines,, 
and  especially  those  employed  for  locomotive  purposes, 
for  evident  reasons. 

In  the  first  experiment  made  with  this  engine,  no  load 
was  attached  to  it,  and  it  is  stated  to  have  darted  off  at  a 
velocity  of  twenty-eight  miles  per  hour,  and  that  one  mile 
was  performed  in  the  space  of  one  minute  and  fifty- three 
seconds.  Such  an  unexpected  and  extraordibary  velocity 
seemed  to  promise  ultimate  success  in  obtaining  the  prize, 
but  the  final  result  proved  otherwise,  by  the  engine  being 
put  out  of  order  in  the  effort.  On  the  following  day, 
^^  The  Novelty"  was  tried  with  three  times  its  own  weight 
attached,  which,  it  is  said,  it  drew  at  the  rate  of  twenty 
miles  and  a  half  per  hour;  but  the  authenticity  of  this 
statement  appears  very  doubtful,  by  its  emanating  from  a 
partisan,  and  being  unaccompanied  by  any  particulars  as 
to  time  and  distance. 

On  the  third  day  (Oct.  8)  of  the  contest,  <<The  Rocket*' 
of  Mr.  Stephenson  was  tried  in  the  precise  manner  directed 
by  the  judges  in  the  ^^  ordeal,"  quoted  at  page  606,  and 
it  was  understood  that  this  trial  should  be  considered  de- 
cisive of  its  merits. 
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The  engine,  with  its  coiBplement  of  water  in  the  boiler, 
weighing  four  tons  five  hundred  weight,  had  her  load 
attached  to  it  of  twelve  tons  fifteen  hoadred  weight, 
making,  with  the  persons  who  rode,  upwards  of  seventeen 
tons.  The  journey  was  one  mile  and  a  half  each  way,with  an 
additional  length  of  two  hundred  and  twenty  yards  at  each 
end,  to  stop  the  engine,  or  to  get  up  the  speed.  The  first 
experiment  was  for  thirty-five  miles,  or  twenty  such  trips 
of  one  mile  and  three  quarters  each,  which  ^^The  Rocket" 
performed,  including  all  the  stoppages,  in  three  hours  and 
ten  minutes,  which  was  upwards  of  eleven  miles  per  hour. 
After  this,  a  fresh  supply  of  water  was  taken  in,  which 
occupied  sixteen  minutes,  when  the  engine  again  started, 
and  ran  the  thirty-five  miles,  including  all  stoppages,  in 
two  hours  and  fifty-two  minutes,  which  is  upwards  of 
twelve  miles  in  an  hour,  including  all  stoppages.  The 
speed  of  the  engine  over  the  ground,  with  the  prescribed 
load,  was  frequently  eighteen  miles  per  hour,  and  occa* 
sionally  upwards  of  twenty.  The  whole  performance 
was  considerably  greater  than  was  required  by  the  stipu- 
lations, or  than  had  hitherto  been  accomplished  by  a  loco- 
motive engine. 

^<  The  Novelty"  was  the  next  engine  .that  undertook 
the  appointed  taak,  but  owing  to  some  derangement  hav- 
ing occurred  in  her  machinery,  she  was  obliged  to  stop 
almost  at  the  commencement  of  the  task  assigned. 

On  the  9th  of  October  (fourth  day  of  the  contest),  a 
public  notice  appeared  from  Messrs.  Braithwaite  and 
Ericsson,  stating,  that  in  consequence  of  the  alterations 
made  in  the  conditions  of  the  competition,  the  trial  of 
their  engine  in  the  manner  prescribed  by  the  new  ^'or- 
deal" had,  with  the  approbation  of  the  judges,  been  de- 
ferred to  the  following  day:  no  trial,  therefore,  took 
place  on  that  day.  This  indulgence  to  Messrs.  Braith- 
waite and  Ericsson,  on  the  part  of  the  judges,  was  polite 
and  liberal,  and  evinced  a  spirit  of  fairness  which  nothing 
could  gainsay;  for  it  must  be  evident  to  every  body  who 
reads  the  ^^  ordeal"  in  question,  that  the  terms  of  it  could 
form  no  ground  of  excuse  for  deferring  the  trial,  and  we 
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may  hence  infer  the  probability  of  the  macfarnery  of  "The 
Novelty*'  having  been  out  of  order. 

On  the  10th  of  October  (the  fifth  day  of  the  contest), 
"  The  Novelty*'  was  again  weighed,  and  its  load  assigned* 
The  steam  was  got  up  in  fifty-four  minutes  from  the  time 
of  lighting  the  fire,  when,  upon  starting  on  the  first  trip, 
something  gave  way,  which  it  was  necessary  to  have  re- 
paired; this  was  done  in  the  course  of  the  day,  and  during 
the  time  so  occupied,  .Mr.  Stephenson *s  engine,  "The 
Rocket,"  without  any  of  the  train  or  the  tender,  was  run 
twice  down  the  course  and  back,  making  seven  miles. 
Thus  "stripped  for  the  race,"  "The  Rocket"  performed 
the  seven  miles,  including  the  stoppages  at  each  of  the 
four  trips,  in  the  short  period  of  fourteen  minutes  and 
fourteen  seconds,  which  is  at  the  rate  of  thirty  miles  the 
hour;  and  making  allowance  for  the  stoppages,  the  seven 
miles  may  be  considered  to  have  been  performed  at  the 
rate  of  at  least  thirty-five  miles  the  hour,  which  is  much 
more  than  any  performances,  even  for  a  shorter  period,  by 
any  other  carriage. 

After  this  extraordinary  performance,  Messrs.  Braith- 
waite  and  Ericsson  exercised  their  carriage  for  the  grati- 
fication of  the  spectators,  who  were  extremely  numerous, 
and  not  (as  they  stated)  with  a  view  to  a  decisive  exhibi- 
tion of  its  powers;  but  the  utmost  velocity  "The  Novelty" 
attained,  without  stoppages,  fell  very  far  short  of  the 
speed  exhibited  by  "  The  Rocket,"  including  stoppages. 

On  the  sixth  day  of  the  contest  (Oct.  13),  Mr.  Hack- 
worth's  engine,  "  The  Sans  Pareil,"  was  pronounced  to  be 
ready  for  the  "  ordeal."  On  weighing  it,  it  was  found 
to  exceed  the  weight  of  six  tons,  limited  in  the  published 
"stipulations  and  conditions;"  it  could  not,  under  this 
circumstance,  become  entitled  to  the  prize,  even  if  its 
performance  should  exceed  the  others  in  its  experimental 
trials,  but  it  was  allowed  to  undertake  the  seventy  miles, 
with  three  times  its  weight  attached  to  it.  It  soon  became 
manifest  that  the  engine  was  of  a  very  efficient  kind.  For 
two  hours,  "The  Sans  Pareil"  kept  going  with  great  re- 
gularity, with  its  prodigious    load  of   twenty-five  tons 
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altogether,  and  in  that  time  performed  twenty-five  miles, 
including  all  stoppages  at  the  ends  of  the  liae,  which  was 
at  the  rate  of  twelve  miles  and  a  half  per  hour.  In  the 
middle  of  the  line,  when  its  average  speed  was  obtained, 
the  performance  was  at  the  rate  of  about  fifteen  miles  the 
bouf'  While  thus  proceeding  so  satisfactorily,  one  of  the 
feed-pipes  burst,which  rendered  it  incapable  of  proceeding. 
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The  engraving  represents  aside  elevation  of  the  engine 
and  its  tender,  on  the  scale  of  a  quarter  of  an  inch  to 
the  foot,  which  is  the  same  as  ^^  The  Rocket."  The  arrange- 
ment of  the  furnace,  boiler,  and  flue,  is  shewn  in  the  sub- 
joined diagram ; 


n  being  the  furnace,  bb  the  flue,  or  tube,  through  the 
boiler,  and  c  the  chimney.  The  boiler  is  of  the  kind  pa- 
tented by  Trevithick,  as  far  back  as  1804,  and  is  unques- 
tionably calculated  to  economise  heat,  as  the  furnace  and 
flue  are  completely  surrounded  by  the  water  in  the. boiler, 
as  represented  at  o  o  o.o.  D  represents  one  of  the  two 
working  cylinders,  the  pistons  of  which  act,  through  the 
medium  of  connecting  rods  (which  operate  as  cranks),  upon 
the  hind  pair  of  the  running  wheels  ;  and  the  motion  of  the 
latter  is  communicated  to  the  fore  wheels  by  horizontal 
connecting  rods  E,  causing  both  pair  of  wheels  to  revolve 
together,  by  the  direct  power  of  the  engine  ;  G  is  a  pipe  for 
conveying  the  waste  steam  into  the  chimney.  The  mode 
of  communicating  the  power  of  the  engine  to  both  pair  of 
wheels,  must,  we  think,  be  attended  with  the  important 
advantage  of  obtaining  more  adhesion  to  the  rails,  and  con- 
sequently of  enabling  it  to  draw  a  greater  load. 

On  the  7th  day,  it  was  appointed  that  a  decisive  trial 
should  be  made  of  ^^The  Novelty,"  which  had  been  re- 
peatedly deferred,  owing  to  the  derangement  of  sonie  part 
of  the  machinery.  It  was  stated,  on  the  part  of  Messrs. 
Braithwaite  and  Ericsson,  that  a  fresh  pipe  had  been 
substituted  for  the  one  which  failed  on  the  preceding  trial ; 
and  *^  one  or  two  other  parts  of  the  machinery,  that  were 
in  a  faulty  state,  had  been  renovated;"  but  the  engine, 
with  the  exception  of  some  of  the  flanges  of  the  boiler 
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being  rather  green^  was  pronounced  in  a  workin«;  state. 
The  load  assigned  to  itby  the  judges  was  thuscalculated:— 

Weight  of  the  engine,  without  any  water  or  fuel   9    16    0  0 

Deduct  for  weight  of  tank  and  coke  basketB,  and  the 
quantity  of  water  and  fuel  deemed  necessary  for  a 
journey  of  thirty-five  miles 0    16    1    9 

Net  weight  of  the  Novelty*8  working  power,  exclusive  of 

the  water,  fuel,  tank,  &c 1     18    8  10 

X  by  3 

Given  weight  to  be  drawn,  dropping  the  fractional  parts  6    16    0   0 

The  engine  now  started  to  perform  the  seventy  miles  for 
a  continuance ;- but,  just  as  it  had  completed  its  second 
trip  of  three  miles,  another  derangement  of  the  boiler  took 
place,  which  obliged  it  to  stop ;  and  it  becoming  evident  to 
the  proprietors  that  the  machinery  of  "  The  Novelty*'  was 
too  inefficient  to  proceed  in  the  contest,  they  gave  notice 
to  the  judges  that  they  would  withdraw  their  engine  from 
any  further  trial,  and  leave  it  to  be  judged  by  the  perfor- 
mances it  had  already  exhibited. 

After  this  occurrence,  Mr.  Burstall's  engine,  *'The  Per* 
severance'^  which  had  met  with  some  injury  in  its  journey 
from  Edinburgh  to  Liverpool,  but  had  been  since  re* 
paired,  was  put  to  the  '^  ordeal ;"  but  the  utmost  speed  it 
attained  was  not  more  than  five  or  six  miles  an  hour,  owing 
to  some  derangement  of  its  parts.  The  mechanical  com- 
binations in  the  machine  are  nearly  similar  to  that  de- 
scribed at  page  522. 

The  course  was  thus  left  clear  to  Mr.  Stephenson,  to  re- 
ceive  the  fairly-won  prize  of  £500,  for  the  production  of 
the  best  locomotivie  steam  engine  hitherto  constructed  for 
railways.  The  intrinsic  value  of  the  prize  is,  however,  of 
trifling  consideration,  when  compared  with  that  of  estab- 
lishing his  reputation  as  an  engineer  on  such  a  high  and 
firm  basis.  The  orders  for  all  or  the  greater  part  of  At 
engines,  he  will  necessarily  execute,  and  most  likely,  by  biR 
experience  and  talent,  continue  to  improve  them,  so  as  t'^- 
take  the  lead  in  this  important  branch  of  mechanics. 
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In  the  liat  of  the  rival  mechinea  given  at  page  113^  iatn* 
eluded  the  "  Cyclopede,*'  constructed  by  Mr.  Brandreth,  of 
liiverpool ;  but,  on  account  of  its  not  being  propelled  by 
the  power  mentioned  in  the  "stipulations  and  condi- 
tions," it  could  not  be  considered  aa  entering  the  lists  for 
the  prize  therein  proposed;  it  was,  however,  an  inquiry 
well  worth  the  investigation,  what  degree  of  power  horses 
could  eiert,  in  a  locomotive  machine  of  the  kind,  and 
thereby  determine  its  comparative  economy,  with  that  of 
steam.  The  inventor,  Mr.  Thomas  Shaw  Brandreth,  of 
Liverpool,  barrister-at-law,  took  out  a  patent  for  this 
machine,  on  the  9th  of  September,  1829 ;  a  side  elevation 
and  plan  of  which  are  given  in  the  subjoined  figures. 

(FIG.  1.) 


{Brandreth's  Patent  Cychpede.   1829.) 
(FIG.  2. J 
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It  consists  in  an  endless  chain  a  a  a,  made  of  planks, 
about  an  inch  and  a  half  thick,  and  four  inches  wide,  extend- 
ing across  the  bed  of  the  carriage,  attached  at  their  extremi- 
ties to  ropes,  and  carried  over  a  drum  b  fr,  at  each  end  of  tbe 
carriage,  as  shewn  in  the  plan  at  fig.  2.  To  strengthen 
these  cross  pieces,  and  to  prevent  one  of  them  from  slipping 
down  by  itself,  a  cleat  c  c,  is  nailed  on  the  end  of  each, 
and  extends  half  way  across  those  next  to  it  on  each  side; 
the  position  of  these,  as  they  pass  over  the  drums  b  ft,  will 
best  show  their  extent  and  attachments.  The  chain  plat- 
form is  supported  on  a  series  of  anti-friction  rollers  eeee. 
The  horse  is  yoked  to  the  frame,  and  by  treading  on  the 
moveable  platform,  drives  it  round,  by  which  the  drums  i(, 
are  made  to  revolve,  and  through  the  medium  of  the  spur 
wheels,  shewn  in  the  plan,  puts  in  motion  the  carriage 
wheels.  Two  sets  of  spur  gear  are  provided,  one  at  each 
end  of  the  drum,  so  that  either  may  be  put  in  action 
at  pleasure,  and  be  adjusted  according  to  the  nature  of 
the  road,  whether  in  ascents,  descents,  or  on  horizontal 
planes,  the  speed  or  power  being  duly  proportioned  to 
the  plane  operated  upon  ;  r  a  represent  the  rope  which 
is  attached  to  the  endless  chain,  and  w  w^  the  rail-way. 

It  will  be  observed  that  by  this  arrangement  the  horse 
employed  to  propel  the  carriage  is  carried  along  with  it, 
and  thus  a  velocity  of  motion  is  produced  in  the  machine, 
far  beyond  the  limits  at  which  a  horse  can  exert  his  power. 
Now  as  it  has  been  ascertained  that  the  resistance  from  fric- 
tion on  a  level  railway  does  not  increase  with  an  increase 
of  speed,  it  follows  that  in  many  cases  much  advantage 
might  be  obtained,  by  an  increase  of  velocity  greatly  ex- 
ceeding that  at  which  a  horse  could  exert  his  power,  or 
even  travel  on  the  roadj  without  exerting  any  power  of  trac- 
tiofu     The  principal  objection  raised  against  this  plan,  is, 
that  the  horse  has  to  carry  his  own  weight ;  but  this  ob- 
jection equally  applies  to  the  locomotive  steam  engine. 
"The  Cyclopede"  weighed  three  tons,  of  which  the  horse 
probably  made  half  a  ton ;   therefore,   one-horse  power 
weighs  half  a  ton.     "  The  Sans  Pareil"  weighed  six  tons, 
from  which  if  we  deduct  two  tons  for  the  weight  of  the 
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carriage  frame  and  wheels^  it  leaves  four  tons  for  the 
engine^  boiler,  water,  fuel,  &c.  which  must  be  pretty  near 
the  truth;  therefore,  if  the  steam  power  produced  in  the 
Sans  Pareil  was  not  more  than  equivalent  to  the  force  of 
traction  of  eight  horses,  no  advantage  was  gained  thereby ; 
unless  it  can  be  shewn  that  the  cost  of  fuel,  the  wear  and 
tear  of  machinery,  interest  of  money  of  first  cost,  &c.  of 
the  Sans  Pareil,  was  not  eight  times  the  cost  of  the  keep- 
ing the  horse,  &c.  of  the  Cyclopede.  The  next  point  of 
inquiry  seems  to  be,  whether  the  Sans  Pareil  did  exert 
a  power  of  more  than  eight  horses,  in  drawing  twenty-five 
tons  weight  along  the  rail- way.  To  ascertain  this  fact,  the 
resistance  of  the  rail- way  to  the  load  moving  thereon  must 
be  known  ;  without  a  knowledge  of  which,  it  would  be 
useless  to  enter  into  the  inquiry.  In  the  absence  of  cor- 
rect data,  we  are  inclined  to  believe  that  not  four  horses' 
power  was  exhibited  by  "  The  Sans  Pareil,"  and  conse- 
quently that  the  application  of  horse  power,  in  the  manner 
proposed  by  Mr.  Brandreth,  is  well  deserving  of  a  careful 
trial. 

The  trial  made  on  the  Liverpool  Railway,  with  this 
machine,  was  however  far  from  successful ;  a  speed  of  only 
five  or  six  miles  an  hour  being  obtained ;  an  eye-witness 
informs  us  that  ^^the  principle  had  not  fair  play,"  that 
^^the  apparatus  was  of  very  rude  construction,"  and  the 
horses  (two  being  employed  with  two  endless  chains,  and 
not  one,  as  before  described,)  had  not  room  to  exert  them- 
selves, owing  to  the  stalls  in  which  they  worked  being 
made  too  small.  We  are  far  from  thinking  that  a  very 
convenient  and  useful  machine  may  not  be  made  on  the 
principle  herein  developed. 

Another  method  of  employ  ing  the  power  of  horses,  in  mov- 
ing rail- way  carriages,  in  which  the  animal  giving  the  power 
was  supported,  was  invented  by  Mr.  Snowden,  about  five 
years  ago,  which  we  shall  describe,  after  having  concluded 
our  account  of  the  Manchester  and  Liverpool  Rail-way. 

*^The  peculiarity  of  the  exhibition  in  the  several  days  of 
trial,"  (Mr.  Booth  observes),  ^'attracted  a  large  concourse 
of  spectators,  and  the  unexampled  speed  of  the  Novelty 
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4ftiid   the  Rocket,  excited   universal  surprise  and  admi- 
ration. 

^^  The  trial  of  these  eagine8,(he  con  tin  ues)niay  be  regarded 
as  coDStitating  a  new  epoch  in  the  progress  of  medHuiical 
science)  as  relating  to  locomotion.  The  most  sanguine 
advocates  of  travelling  engines  had  not  anticipated  a 
speed  of  more  than  ten  or  twelve  miles  per  hour-  It  w«s 
altogether  a  new  spectacle,  to  behold  a  carriage  crowded 
with  company,  attached  to  a  self-amoving  machine,  asd 
whirled  along  at  the  rate  of  thirty  miles  per  hour.'* 

Extraordinary  and  brilliant  as  the  results  undoubtedly 
were,  there  is  not,  we  think,  any  just  cause  for  surprise,  in 
the  power  of  the  engines,  which  at  most  did  not  exceed 
four  horses;  the  velocity  acquired  may  rather  be  attributed 
to  the  excellence  of  the  railway,  which  requires  so  small 
a  comparative  force,  to  move  a  given  weight  thereon* 
Greater  velocity  of  motion  than  that  obtained  is  scarcely 
desirable,  but  we  make  no  doubt  that  ere  long  such  im- 
provements will  be  made  in  the  engines,  tending  to  reduce 
the  friction  of  the  moving  parts,  augment  the  production 
of  steam,  and  apply  it  more  economically,  that  the  effective 
power  hitherto  exhibited  will  be  considerably  increased. 
A  limit  to  the  power  of  draught,  obtained  by  the  force  of 
the  engine,  is  made  by  the  want  of  adhesiveness  of  the 
^vheols  of  the  engine  carriage  to  the  railway;, and  this 
limit  cannot  be  extended  without  increasing  the  weig;ht 
of  the  engine  carriage ;  unless,  indeed,  the  railway  company 
were  to  introduce  Mr.  W.  H.  Jameses  plan  of  crMnmunicat- 
ing  the  power  of  the  engine  to  some  of  the  carriages  of 
the  train,  described  at  page  '>88.  A  great  advantage  would, 
we  think,  result  from  the  application  of  Mr.  James's  appa- 
ratus, as  that  would  save  the  rails  from  being  partially 
and  injuriously  loaded  with  unnecessarily  heavy  and 
cumbersome  engines. 

The  question  between  locomotive  and  fixed  engines 
was  pratftically  settled  by  the  trials  at  Rainhill.  The  fit- 
ness of  locomotives  for  travelling  at  almost  any  speed 
that  could  be  desired,  was  strikingly  exemplified ;  and  (be 
importance  of  this  circumstance  wa?  duly  estimated,  the 
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eoKveyance  of  paasengers  between  Liverpool  and  Man* 
Chester,  havings  long  been  considered  a  valuable  branch  of 
th«  undertaking.     There  still  remained  one  point  to  be 
settled,  rtz.  the  kind  of  power  to  be  employed  in  ascending 
the  inclined  planes  of  Whiston  and  Sutton.    These  plaaes 
are  each  a  niilo  and  a  half  long,  with  an  inclination  of 
three  eighths  of  an  inch  to  the  yard,  being  a  rise  of  one  in 
iMiiety-siz.    Stationai'y  engines  on  the  summit,  with  ropes 
passing  over  sheaves  or  pulleys  along  the  whole  ascent, 
are  the  means  resorted  to,  at  the  inclined  plane  in  the 
Livei»pool  Tunnel,  also  on  the  Darlington  inclined  planes, 
and  at  the  Collieries  in  the  North.     It  was  quite  evident, 
however,  that  such  a  plan  of  operations,  in  the  centre  of  the 
Liverpool  and  Manchester  line,  with  the  interruption  to 
be  expected  from  a  change  in  the  moving  power,  to  say 
nothmg  of  the  danger  always  to  be  apprehended  from  a 
system  of  ropes  and  pulleys,  was  to  be  avoided,  if  poasible. 
It  became  an  object,  therefore,  of  no  small  interest,  to  as- 
certain the  power  of  the  new  locomotives  on  the  planes  in 
question ;   and  in  the  first  place,  as  the  effective  power  of 
the  engine  is  necessarily  limited  by  the  adhesion  of  the 
wheels  on  the  rails,  (inasmuch  as  if  a  force  be  exerted  be- 
yond that  point,  the  wheels  will  turn  round,  while  the 
carriage  will  remain  stationary,)  it  was  important  to  know 
whether  this  difficulty  was  likely  to  occur  on  the  planes, 
in  question.     It  has  been  ascertained  that  the  adhesion  of 
the  engine  wheels  (as  now  constructed  with  wrought-iron 
tires)  on  wrought-iron  rails,  is  equal  to  one-twentieth  of 
the  weight  of  the  machine,  in  the  most  unfavourable  state 
of  the  rails.     If  the  engine  weigh  four  tons  and  a  half,  the 
adhesion  on  the  four  wheels  would  be  one-twentieth  ^f 
that  weight,  or  about  five  hundred  pounds ;  or  supposing, 
which  is  frequently  the  case,  that  the  machinery  is  only 
connected  with  two  wh^ls,  then,  if  the  weight  be  equally 
divided,  the  adhesion  will  be  two  hundred  and  fifty  pounds; 
which,  multiplied  by  two  hundred,  the/rtc^iof»  being  only 
one-two  hundreth  of  the  gracity  of  the  load,  commensu* 
rate  with  the  adhesion,  in  the  most  favourable  state  of  the 
rails,  ab^ut  fbi^y  tons  being  the  adhesive  load  in  m. 
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average  state  of  the  rails.  Now  these  being  the  data,  as 
inclined  plane,  rising  one  yard  in  a  hundred,  will  present 
no  impediment  on  the  ground  of  adhesion,  proyided  the 
system  be  to  maintain  the  same  speed  throughont  the 
journey ;  for  supposing,  as  above,  that  the  adhesion  of  the 
engine  wheels  on  the  level,  be  equal  to  two  hundred  and  fifty 
pounds,  it  will  be  the  same  on  the  inclined,  minus  one- 
hundreth  part,  (two  and  a  half  pounds),  a  difference  so 
small  as  to  occur  every  day,  in  the  varying  states  of  the 
rails,  and  quite  unnecessary  to  be  taken  into  the  calcula- 
tion.  The  question  to  be  decided,  therefore,  was,  the  power 
of  the  engine  to  take  a  load  up  the  inclined  plane,  the 
adhesion  being  equal  to  the  power,  at  similar  speeds ;  for 
instance,  seven  tons  on  an  inclined  plane,  rising  one  in  a 
hundred,  is  a  proportionate  load  to  thirty  tons  on  a  level, 
at  fifteen  miles  per  hour,  the  weight  of  the  engine  being 
four  and  a  half  tons,  as  explained  hereafter  ;  but  if  it  be 
attempted  to  take  thirty  tons  up  the  plane,  by  going  pro- 
portionately slower^  the  power  of  the  engine  might  do 
this,  but  the  adhesion  of  the  wheels  would  be  insufficient, 
and  they  would  turn  round,  while  the  engine  stood  still; 
because  thirty  tons  on  the  inclined  plane  are  equal  to  ninety- 
nine  on  a  level,  and  we  have  supposed  the  adhesion  to  be 
equal  to  forty  tons  on  a  level.  It  follows,  therefore,  either 
that  the  engine  must  be  worked  below  the  adhesiveness  of 
the  wheels  on  the  level,  or  the  proportionate  load  cannot 
be  increased  by  diminishing  the  speed  on  the  inclined 
plane. 

During  the  trials  at  Rainhill,  in  October  last,  '^  The 
Rocket''  frequently  ascended  the  Whiston  inclined  plane, 
with  a  carriage  holding  from  twenty  to  thirty  passengers, 
at  a  speed  of  from  fifteen  to  eighteen  miles  per  hour ;  and 
the  ease  and  regularity  with  which  this  was  effected,  pro- 
duced a  general  impression,  that  even  up  inclined  planes 
the  locomotive  engine  would  be  the  power  employed.  In- 
deed, the  feeling  at  the  moment  was  very  prevalent,  that 
it  was  immaterial  whether  the  engine  travelled  up  an  in- 
clined plane,  or  on  a  level;  but  subsequent  experiments 
Have  fully  established;  what  it  would  have  been  only  rea- 
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sonable  to  assume,  a  priori^  that  the  power  of  an  engine 
diminishes  in  proportion  to  the  degree  in  which  the  plane 
is  inclined,  till  it  reaches  a  point  when,  adhesion  termina- 
ting, the  wheels  turn  round  without  advancing,  and  that, 
therefore^  without  assistance  of  some  sort,  ascending  such 
inclines  as  those  of  Whiston  and  Sutton,  an  engine  must 
either  go  at  a  less  speed,  or  draw  a  less  weight.  For  ex- 
ample, ^^  The  Comet''  locomotive,  a  new  engine,  on  the 
same  plan  as  ^^The  Rocket,'' ascended  the  Whiston  iu« 
clined  plane,  with  about  twenty-six  tons  behind  her,  with 
a  speed  diminishing  from  the  rate  of  between  sixteen  and 
eighteen  miles  at  the  commencement,  to  about  three  or 
four  miles  per  hour,  before  she  reached  the  top.  But  it 
would  be  quite  erroneous  from  these  data,  to  take  the 
average  between  three  and  eighteen,  and  to  infer  that  the 
power  of  the  engine  was  equal  to  convey  a  load  of  twenty- 
six  tons  up  an  inclination  of  one  in  ninety-six,  at  ten  miles 
and  a  half  per  hour;  her  real  power,  estimated  in  acontt** 
nuing  speed  with  the  above  load,  being  only  three  or  four 
miles,  or  proportionate  to  about  seven  tons  up  the  sanu; 
plane,  at  fifteen  miles  per  hour.* 

On  the  l4thof  June,  of  the  present  year,  an  experiment 
was  made,  as  a  preliminary  measure  to  a  general  opening,- 
well  calculated  to  exhibit  the  peculiar  character  of  rail- 
way conveyance,  and  to  put  to  the  test  the  capabilities  o. 
the  locomotive  engine,  both  on  a  level  and  up  inclines 
On  this  occasion  the  directors,  in  two  carriages,  proceeded 
on  a  journey  of  inspection,  from  Liverpool  to  Manchester 
and  back.  ^^  The  Arrow,"  another  of  Mr.  Stephenson  s 
engines,  was  the  proving  power.  The  gross  weight  drawn 
was  about  thirty- three  tons,  consisting  as  follows: — 


^  It  is  worthy  of  remarlc,  in  connexion  with  this  branch  of  the  sub- 
ject, that,  in  considering  the  section  for  a  proposed  rail. way,  the /c/i^//i 
of  the  inclined  planes  should  be  taken  into  the  account,  as  well  as  the 
steepness  of  the  ascent;  since,  od  a  plane  half  a  mile  long,  it  ii»  evi- 
dent much  more  may  be  accompliahed,  thaa  on  ome  three  or  foi^  trmea 
that  length. 
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Stone,  ID  seven  waggons 80 

Weight  of  waggons  ••• ••• 7 

Engine-tender  and  six  persons    8 

Two  carriages  and  twenty  persons    d 

With  this  load,  she  travelled  from  the  eng^ine-house,  Li- 
verpool, to  Old  Field-lane  Bridge,  Salford,  Manchester,  the 
distance  being  about  twenty-nine  miles,  in  two  hours  and 
twenty-five  minutes,  including  two  stoppages  to  take  in 
water.  Up  the  Whiston  inclined  plane  she  was  assisted 
by  ^^  The  Dart,*'  an  engine  of  similar  construction  and 
power;  and  the  first  quarter  of  a  mile  of  the  ascent  was 
accomplished  at  a  speed  of  seventeen  miles  per  hour,  be- 
fore the  summit  was  gained,  the  mile  and  a  half  being 
accomplished  in  twelve  miiiutes;  the  average  speed  being 
therefore  seven  miles  and  a  half  per  hour.  At  the  top  of 
the  ascent  the  ^^Dart"  was  unyoked,  and  the  ^^  Arrow*' 
proceeded,  with  her  cargo,  along  the  straight  and  level 
plane  at  Rainhill,  at  the  rate  of  sixteen  miles  an  hour. 
On  the  return  from  Manchester,  the  engine- tender,  and 
the  two  carriage  with  passengers,  constituted  the  whole 
load  drawn.  The  first  nine  miles  and  a  quarter,  from 
Old  Field-lane  Bridge  to  Glazebrook  Bridge,  including 
the  Chat-nvoss  district,  were  accomplished  at  a  speed  aver- 
aging from  nineteen  to  twenty  miles  per  hour.  The  whole 
distance  was  accomplished  in  one  hour  and  forty-six  mi- 
nutes, including  stoppages,  the  speed  generally  varying 
from  eighteen  to  twenty-five  miles  and  upwards  per  hour, 
and  the  engine  not  working  to  her  full  power  a  great  por- 
tion of  the  way.  The  speed  of  the  Satton  inclined  plane 
(without  any  assistant  engine)  averaged  more  than  fifteen 
miles  per  hour.  The  day  was  wet,  and  the  rails  in  some 
places  very  dirty;  the  whole  performance,  therefore,  took 
place  under  circumstances  by  no  means  favourable,  bat 
the  result  was  highly  satisfactory. 

Perhaps  the  most  striking  result  produced  by  the  com- 
pletion of  this  rail-way,  is  the  sudden  and  marvellous 
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change  which  has  been  effected  in  our  ideas  of  time  and 
space.  Notions  which  we  have  received  from  our  ances- 
tors, and  verified  by  our  own  experience,  are  overthrown 
in  a  day,  and  a  new  standard  erected,  by  which  to  form  ; 
our  ideas  for  the  future ;  speed,  despatch,  distance,  are  ) 
still  relative  terms,  but  their  meaning  has  been  totally  ' 
changed  within  a  few  months :  what  was  quick,  is  now 
slow ;  what  was  distant,  is  now  near ;  and  this  change  in 
our  ideas  will  not  be  limited  to  the  environs  of  Liverpool 
and  Manchester,  it  will  pervade  society  at  large.  A  tran- 
sition in  our  accustomed  rate  of  travelling,  from  ejigbt  to 
ten  miles  per  hour  to  fifteen  or  twenty  (not  to  mention 
higher  speeds),  gives  a  new  character  to  the  whole  in- 
ternal trade  and  commerce  of  the  country.  A  saving  of 
time,  is  a  saving  of  money.  For  the  purposes  of  locomo 
tion,  about  half  the  number  of  carriages  will  sufiice,  for 
the  aggregate  travelling,  or  transit  of  goods,  may  be 
doubled,  or  more  than  doubled,  without  any  additional 
expense  to  the  community.  The  traveller  will  live  double 
times;  by  accomplishing  a  presctibed  distance  in  five 
hours,  which  used  to  require  ten,  he  will  have  the  other 
five  at  his  own  disposal.  The  man  of  business  in  Man- 
chester will  breakfast  at  home,  proceed  to  Liverpool  by 
the  railway,  transact  his  business,  and  return  to  Manches- 
ter to  dine.  A  hard  day's  journey  is  thus  converted 
into  a  morning's  excursion. 

It  has  been  well  observed  in  our  public  journals,  that 
Manchester  is  thus  brought  as  near  to  Liverpool,  as  the 
east  to  the  west  end  of  London;  whether  we  estimate 
vicinity  by  the  cost  of  conveyance,  or  the  time  not  unfre- 
quently  spent  in  effecting  it.  Gradually,  the  whole  in- 
ternal traffic  of  the  country,  with  all  the  varieties  of  local 
intercourse,  will  assume  a  new  character.  Already  a  rail 
way,  on  a  grand  scale,  is  advertised,  from  London  to  Bir- 
mingham, and  from  Birmingham  to  Liverpool;  and  thus 
is  commenced  that  grand  trunk,  which  will  unite  the  north 
and  the  south,  and  bring  into  cFoser  communication  the 
capitals  of  England,  Scotland,  and  Ireland.  There  can 
be  no  question  that  foreign  countries  will  adopt  the  rail- 


fO  ACCOOMT  OP  TBB  MANCHBBTEil 

way  caraniuiiieatioii,  as  one  ^rcal  step  in  niechairical  inr*' 
provements  and  commercial  enterprise.  France,  Germany, 
and  America,  have  already  their  railways,  and  the  Pacha 
of  Egypt  may  be  expected  to  folioir  close  on  the  heels  of 
bis  brother  potentates.  The  country  of  pyrmiaids,  of 
Memphis,  and  of  Thebes,  will  then  be  celebrated  for  rail- 
ways and  steam  carriages ;  the  land  of  the  proud  Mame^ 
luke  or  the  wandering  Arab,  of  sphynxes  and  flrammies, 
will  become  the  theatre  of  mechanical  invention,  science, 
and  the  arts.  From  west  to  east,  and  from  north  to  south, 
the  mechanical  principle,  the  philosophy  of  the  nineteeotb 
century,  will  extend  itself,  and  the  whole  world  will  re- 
ceive a  new  impulse. 

On  the  16th  of  September,  1830,  this  stupendous  work 
was  opened  for  public  use,  before  countless  myriads  of 
people  assembled  to  witness  the  show,  ceremony,  proces' 
sion,  and  festivity  provided  for  the  occasion.     Eight  loeor 
motive  engines,  all  constructed    by  Messrs.  Stephenson 
and  Co.  of  Newcastle,  were  put  into  requisition  for  this 
purpose,  viz.  the  Northumbrian,,  the  Pbcenix,  the  North 
Star,  the  Dart,  the  Comet,  the  Arrow,  the  Mctteor,  and 
the  Rocket,  which  last  is  the  identical  engine  we  have  re- 
cently described  and  referred  to,  see  f^ge  60S.    Messrs. 
Braithwaite  and  Ericsson  had  also  constructed  two  eo' 
gines  for  the  procession,  of  very  beautiful  appearance, 
but  as  they  proved  to  be  in  an  inefficient  state  for  work- 
ing, they  were  not  employed  on  the  occasion.     The  ar- 
rangements made  for  the  procession  were  excellent.  Each 
engine  had  a  train  of  carriages,  with  distinguishing  co- 
lours and  ensigns,  and  every  visitor  to  whom  a  seat  wb9 
asi^igned,  had  a  card  of  a  similar  colour,  with  a  oumber 
upon  it,  answering  to  the  nvmber  affixed  to  Us  seat,  by 
which  all  confusion  in  marshalling  the  company  who  rode 
in  the  carriages  was  avoided,  as  each  visitor  had  only  io 
place  himself  under  the  colour  and  number  represented 
on  his  card  of  admission^ 

The  Northumbrian  was  appointed  to  take  the  l^^  ^^ 
the  procession,  drawing  a  splendid  carriage,  appropriated 
for  the  reception  of  the  most  distinguished  individuaM 
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who  atieftded  the  cererooay*  The  total  number  of  personit 
accoiniDodaied  with  seats  amouated  to  nearly  ^ven  hun^ 
dred.  At  twenty  minutes  after  eleven  Vclock,  the  pro- 
cession comnKenccd  its  progresa  towards  Manehester,  the 
Northumbrian  taking  exclusively  one  of  the  two  lines  of 
rail,  and  the  rest  of  the  engines  the  0ther« 

A  public  writer^  who  was  present^  eloquently  observes, 
*'  The  brilliancy  of  the  cortSge  the  novelty  of  the  sights 
considerations  of  the  almost  boundless  advanti^es  df  the 
stupendous  power  about  to  be  put  in  operation,  g^ve  to 
the  spectacle  an  interest  unparalleled^  On  every  side  the 
tumultuous  voice  of  praise  was  heard^  and  countless  thou- 
sands waved  their  hats,  to  cheer  on  the  sons  of  enterprise 
in  this  their  crowning  eiort.  After  passing  Wavertree 
I^ne^  they  entered  the  deep  ravine  at  Olive  Mounl^  and 
the  eye  of  the  passenger  could  seareely  find  time  to  rest 
on  the  multitudes  that  lined  the  roads,  or  admire  the  va^ 
rious  bridges  thrown  across  this  great  monument  of  human 
labour.  Shortly  afterwards^  Rainhill  Bi^idge  was  neared, 
and  the  inclined  plane  of  Sutton  was  ascended  at  a  slack- 
ened rate.  When  the  summit  was  gained,  twenty-four 
miles  an  hour  became  the  maximum  of  the  speed.  About 
noon,  the  procession  passed  over  Sankey  Viaduct*  The 
scene  at  this  part  was  particularly  striking.  The  fields 
below  were  occupied  by  thousands,  who  cheered  us  as  we 
passed  over  the  stupendous  edifice;  carriages  filled  the 
narrow  lanes,  and  vessels  on  the  water  had  been  detained, 
in  order  that  their  crews  might  gaze  up  at  the  gorgeous 
pageant  passing  far  above  their  mast  heads.  Shortly  after 
we  passed  the  borough  of  Newton,  and  reached  Parkside, 
seventeen  miles  from  Liverpool."  Here  the  engines 
stopped  to  take  in  a  supply  of  water  and  fuel.  The 
Phcenix  and  the  North  Star  having  t-aken  in  their  sup- 
plies, had  resumed  their  journey,  and  passed  the  North- 
umbrian, which  remained  stationary  on  the  other  line,  in 
order  that  the  whole  train  of  carriages  might  here  pass 
in  review  before  the  distinguished  company  of  the  North- 
umbrian. Several  gentlemen  embraced  this  opportunity 
to  alight  fronr  the  state-carriage,  and  were  walking  about 
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'^  The  idea  of  employing  horses  to  impel  a  carriage,  b; 
travelling  and  exerting  their  strength  within  it,  seems  to 
be  new,  and  whatever  merit  may  belong  to  it,  i«  exclusively 
due  to  Mr.  William  P.  Snowden,  of  Oxford«-8treet,  who  has 
taken  out  a  patent  for  the  invention.  The  reason  asBigned 
by  that  mechanist  for  employing  horses  in  this  peculiar 
manner  is,  that  they  cannot  exert  their  natural  strength 
in  any  other  way  at  present  known,  that  is,  so  as  to  be 
able  to  draw  or  propel  a  heavy  weight  with  an  equal  de- 
gree of  speed.  His  argument  we  will  state,  after  having 
described  the  wheel-way  upon  which  the  carriages  are 
proposed  to  travel. 

^'  At  6  6,  is  shewn  a  vertical  cross  section  of  the  road,  in 
which  an  excavation  is  made,  and  the  ground  well  rammed, 
so  as  to  lay  down,  at  stated  regular  distances,  aseriea  of  cast- 
iron  frame  pieces  or  sleepers,  cc,  (repre^nted  in  the  figure 
quite  black).  In  the  several  partitions  of  these  iron  sleepers 
are  placed,  lengthwise  of  the  road,  four  lines  of  timber, 
end  to  end,  uniformly  breaking  the  joints,  as  it  is  termed; 
or  so  that  the  joints  in  any  one  line  shall  not  be  opposite 
to  those  of  another.  The  two  principal  rails,  those  shewn  tt 
d  d,  are  of  oak,  and  of  a  sufficient  depth  to  stand  about 
three  inches  above  the  level  of  the  other  parts,  when  bed- 
ded in  the  iron  sleepers.  The  other  two  lines  of  timbei 
e  e,  are  three- inch  deal  planks,  set  up  edgewise,  and  bolted 
to  the  iron  framing.  Resting  upon  theso>.iIeal  planks  and 
the  iron  partitions,  and  flush  with  the  oak  timber,  are  laid, 
crosswise  of  the  road,  short  pieces  of  three-inch  oak  plank, 
leaving  an  open  space  or  crevice,  about  one  inch  and  a  half 
wide  between  them.  These  short  planks  are  laid  edge  to 
edge,  uniformly  along  the  whole  line,  forming  with  the 
oak  timbers  a  regular  level  floor,  upon  very  solid  bearings; 
and  over  this  floor  is  screwed  down  a  complete  covering  of 
wrought-iron  plates  a  a,  as  they  come  prepared  from  the 
rolling  mill.  Thus  is  made  a  hard,  smooth,  and  firm  sur- 
fece  for  the  wheels  of  the  carriage  to  roll  up  ui 

^'  Inside  of  the  trunk  or  hollow  space,  formed  by  the 
wheel-way  described,  a  small  machine,  called,  by  tb  p^* 
tentee,  his  mecfumical  harse.^  is  caused  to  travel  by  the 


motive  fprca  ap|4i^  al^ye;  jl  con^aU.Qf  an  itan  frame 
work,  to  which  are  attached  certain  hori0O9t|4.,l4])othed 
wheels,  revolving -upon  vertical  axleS|  one,  q(  which  (as 
occasion  may  reqoii^e,)  in  put  tilto  gear  vritk  i^  lii^riMght 
horizontal  raek^  fixed  on  either  side  ta  ib^  4i»a)  pUpka 
e  e,  and  exteodkig  their  whole  length.  Thesfi  borixpn^l 
toothed  wheeb  being  urt tutted  by  a  steaip  engine  or  a^y 
other  firrt  mpver,  will.nKeiBarily  cause  *^  tbd  'mechw|i;al 
borse/Mo  mave  forwa];d  in  the  tcunk,  over  a  spsM^  eqi^al  in 
length  to  the  cireumfei^*eQ<^e  of  t,he  wheel  at  e94:b  revplii- 
tion;  aiid  consequeMtly  whatever  i»  Roao^cted  th^retq 
above  the  wheelrway^  must  go  along  with  if i  The.  con-> 
nexioftis  eflPected  by  standiards:  fixed  in  tbe  ipyechi^fLJical 
horse,  which  {mls^.  tbrougb  the  opeoing  ia  the  wbeeUway, 
and  are  attached  to  the  middle  of  tbe  carriAg^s  th^  weight 
of  the  carriage  is  not  however  supported  by  the  standards^ 
but  rests  entirely  upon  the  ordinary  wheels,  which  thus 
relieves  the  toothed  wheels  iind  rack  of  an  immense  quan*^ 
tity  of  friction,  and  allows  them  to  act  freely  and  Unim^' 
peded  by  tbe  weight  above. 

Only  two  toothed  wheels  are  shewn  in  the  hollow  trunk 
of  the  wheel-way,  there  is  however  another^  which  cannot 
be  seen  in  this  view,  which,  when  put  into  gear  with  the 
oppopfte  rack,  reverses  the  rotary  motion,  and  ^uses  the 
carriage  to  proceed  in  the  same  direction  ;  the  manner  in 
whi^h  this  is  effected  by  gearing  of  the  kind,  is  too  gene- 
rally understood  to  need  further  description.  The  lowest 
wheel  of  tb^  three  is  made  light,  and  without  teeth,  being 
employed  aa  au  anti-firictJM  roller,  and  to  keep  tbe  toothed 
wheel  uniformly  in  the  pitch  line  of  the  rack ;  it  therefore 
occupies  the  whole spiM:e  betwe^  the  two  three^ineh  deals. 

In  aacending  or  descending  a  hill,  the  floor  of  the  car- 
riage is  pf-eserved  in  its  borizontal  position,  that  the  horses 
may  not  be  impeded  in  their  work,  by  being  placed  on  an 
inclined  plane ;  for  this  purpose  there  are  iwo  elevating 
screws  s  s^  which  are  so  ^^ontrived  with  joints,  that  an  at** 
tendant,  operaiting  upon  one  of  them,  rajsvra  one  end, 
and  depresses  the  other,  as  tbe  whole  body  of  tbe  carriage 
is  made  to  turn  on  the  horizontal  shaft  t  and  v,  resting  upon 
27.  4v 
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Strong  bearings,  and  the  whole  is  braced  together  by  a  sai* 
table  frame  work. 

If  a  steam  engine  were  to  be  employed  as  the  motive 
force  instead  of  horses,  all  that  would  be  requisite  would 
be  to  attach  to  the  vertical  shaft,  which  carries  the  hori- 
zontal toothed  wheel  (shewn  in  gear  in  the  trunk,)  a  spur 
wheel  and  pinion^  and  to  connect  the  crank  of  the  engine 
thereto.  Now,  if  the  steam  engine  thus  employed,  be  of 
the  power  of  two  horses,  it  will  have  to  be  carried  along 
with  the  coach,  and  its  weight  will  be  added  thereto.  Then 
it  is  argued,  if  it  be  desirable  to  carry  the  steam  engine, 
why  not  carry  the  same  power,  in  the  form  of  horses,  which 
would  be  less  weight  than  all  the  apparatus  of  the  former; 
and  passengers  generally,  it  is  presumed,  would  give  the 
preference  to  the  company  of  horses,  as  travelling  com* 
panions,  to  that  of  a  steam  engine  boiler.  It  is  true,  that, 
as  the  horses  have  to  move  in  a  circle,  a  clear  space  of 
about  sixteen  feet  wide  would  be  required  for  such  a  car- 
riage to  travel  in,  but  as  the  road  would  be  adapted  to  the 
carriage,  that  difficulty  is  considered  to  be  obviated. 

The  patentee  calculates  the  power  of  an  average  horse, 
in  drawing  a  load  at  the  rate  of  two  and  a  half  miles  per 
hour,  for  four  hours  a  day,  as  equal  to  a  force  of  about 
two  hundred  and  fifty  pounds,  when  drawing  in  a  straight 
line ;  if  the  speed  of  the  horse  be  doubled,  that  is,  five 
miles  per  hour,  the  force  he  can  apply  is  not  more  than 
fifty  pounds ;  and  if  it  be  increased  to  ten  miles  per  hour, 
*he  horse  can  do  no  work  whatever,  except  during  a  very 
short  space  of  time ;  two  miles  and  a  half  per  hour  is  there- 
fore considered'the  most  advantageous  pace  for  a  horse  to 
exert  his  strength,  in  drawing  a  burthen.     As,  however, 
the  contracted  circle  of  a  mill-walk  is  unfavourable  for 
the  full  exertion  of  a  horse's  powers,  Mr.  Snowden  sup- 
poses the  useful  effect  to  be. about  two  hundred  pounds. 
Having  got  this  available  force,  he  then  proposes  to  sa- 
crifice three-fourths  of  it,  in  order  to  gain  an  equivalents 
speed  ;  or,  in  other  words,  ten  miles  an  hour,  in  which  the 
force  applied  would  be  but  fifty  pounds  each  horse.  Tbis 
will  be  readily   understood,  on  reference  to  the  lower 
figure  in  the  engraving ;  g  jf,  are  two  yokes,  (to  which  the 
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horses  are  attached,)  of  a  horizontal  lever,  fixed  to  the 
main  shaft  A,  on  which  is  also  fixed  (close  to  the  floor,  of  the 
carriage),  the  large  horizontal  toothed  wheel  t,  of  twelve 
feet  in  diameter ;  the  rev  ^lution  of  the  large  wheel  »,  gives 
motion  to  the  small  pinion  j,  one  foot  in  diameter ;  which 
pinion  being  on  the  same  spindle  as  the  toothed  wheel, 
three  feet  in  diameter,  of  the  ^'  mechanical  horse''  (shewn 
in  gear  with  the  rack),  causes  it  necessarily  to  revolve  with 
a  speed  quadruple  that  of  the  horses  ;  or  to  pass  over  a 
space  four  times  greater  in  the  same  time  ;  or  at  the  rs^te 
of  ten  miles  per  hour.  It  now  remains  to  be  seen  what 
load  can  be  moved  at  the  rate  of  ten  miles  an  hour,  by  the 
united  force  of  two  horses  applied  as  before  mentioned, 
i.  6.  one  hundred  pounds.  It  is  presumed  that  this  will 
amount  to  six  or  seven  tons,  upon  a  level  raiUway ;  and 
upon  reference  to  Mr.  Tredgold's  work  on  rail-roads,  we 
find  this  to. agree  very  nearly  with  Mr.  Snowden's  state** 
ment  of  the  effects  produced  by  this  power.  The  weight 
of  the  horses  is  therefore  of  trifling  consideration,  if  the 
advantages  attending  this  mode  of  applying  their  strength 
be  so  great. 


Flaving  now  extended  our  description  of  the  various 
kinds  of  locomotive  carriages,  and  railways,  as  far  as  the 
limits  of  this  work  will  permit,  we  proceed  to  notice, 
briefly,  some  improvements  that  have  been  proposed  in 
that  very  important  part  of  a  raiUway  carriage,  the  axles. 

The  first  is  an  invention  of  Mr.  Robert  Stephenson,  of 
Newcastle  upon  Tyne,  which  is  intended  to  obviate  the 
extra  friction  produced  by  the  wheels  of  carriages,  when 
they  are  proceeding  alon^^  curved  portions  of  the  rails. 
Instead  of  two  wheels,  fixed  as  usual  to  the  extremities  of 
one  axletree,  Mr.  Stephenson's  plan  is  to  have  a  separate 
axletree  to  each  wheel,  so  that  they  may  revolve  indepen- 
dently, and  at  difi^erent  velocities,  as  circumstances  may 
require.  The  outer  wheels  of  a  four-wheeled  carriage,  (or 
those  which  are  on  the  longest  of  two  curved  parallel 
lines,)  will  therefore  be  at  liberty  to  run  faster  than  those 
on  the  inner  side,  (or  or  the  shortest  line,)  thereby  pre* 
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veikting  that  slfdin^  motroii,  and'  ita  destructiTe  efecto^ 
wheti  pasting  round  catTes,  which,  on  extensive  lines  of 
h>ad,  are  generally- found  unavoidable. 

Mr.  Stephenson's  impfoftements  in  axles  likewise  em- 
brace another  object  of  more  momentous  importance,  that 
of  providing  a  remedy  for  the  unequal  strain  to  which  a  car- 
riage is  subjected,  in  passing  over  those  parts  of  a  rail-way 
that  lie  hollow,  or  below  the  level  of  the  contiguous  parts, 
owing  to  the  sleepers,  or  other  supports,  having  sunk  or 
given  way,  which  causes  the  carriage  and  its  load  some- 
times to  rest  upon  three  wheels  inistead  of  four,  producing 
undue  strains  or  fractufes ;  and  at  other  times  causing  the 
carriage  to  pass  off  the  rails.  To  provide  against  these 
circumstances,  the  axletree  of  each  itrheel  turns  in  a  fixed 
bearing,  which  is  bolted  to  the  frame  of  the  carriage ;  this 
bearing,  instead  of  having  a  circular  aperture  for  the  axic 
to  turn  in,  has  a  long  vertical  slot,  in  which  the  axle  can 
risis  up  and  down,  as  may  stfit  the  undulations  or  imper^ 
ftfctions  of  the  line  of  rafil.  This,  however,  could  not 
take  place,  unless  the  opposite  extremity  of  <he  axletree 
moved  upon  a  universal  joint,  which  Mr.  Stephenson  has 
adopted,  giving  the  preference  to  the  ball  and  socket  for 
that  purpose,  on  account  of  its  strength  ^md'simplicity. 

Patent  Axtetrees  and  Bearings^  by  Mr.  Robert  St^hetum 

of  ^/fewcastk'Upon'Tyne.  1825. 

Pig.  },  exhibits  a  plan  of  a  carriage-frame,  with  its 
wheels  and  axletrees;  and  fig.  S,  a  stde-eJevation  or  sec- 
tion, as  seen  from  the  interior  of  the  frame.  Similar  let- 
ters of  reference  in  each  figure  indicate  corresponding 
parts,  a  a,  shows  the  frame  of  the  carriage ;  6  c,  6  c,  the 
four  tapered  axletrees,  having,  at  the  small  end  of  each,  a 
globular  knob,  revolving  in  a  hollow  spherical  socket,  as 
seen  ateeee^  In  fig.  2,  the  bearings//^  are  shown  bolted 
to  the  carriage*frame  a;  at  g^  the  axletree  is  seen  in  the 
upper  part  of  the  bearing,  and  at  A,  the  axletree  is  shown 
to  have  fallen  down  the  slot,  allowing  the  wheel  to  ac^ 
^nimodate  itself  to  the  sunken  part  of  the  rail  i. 
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In  tills  last  coittHvanceythe  wli^-^k>iie  is  sypported, 
and'  the  carriage  has  still  t6  dustaiir  the  ungual  presaitre, 
owing  to  its  resting  npon  three  wheels.  *'The  chief  advan- 
tage that  results  from  it  is,  in  keeping  (he  wheel  always 
on  the  rail ;  because,  if  the  hollow  was  so'grealas  to  allow 
the  flanch  to  rise  above  fh^  surface  of  th^^  rail,lhe  car- 
riage might,  in  its  progress,  be  thrown  over,  |>rodueing 
very  serious  consequences. 

An  accident  of  this  kind  recently  occurred  to « the  new 
locomotive  carriage  of  Messrs.' B'raithwaite  and  Ericsson, 
<^  The  William  the  "Fourth,**  on  the  ^Manchester  and  Li- 
verpool Rail- way,  by  which  '}t  was  very  nearly  thrown 
down  a  deep  precipice;  proving  the  necessity  of  some  con- 
trivance to  eflTect  the  object  aiined-at  by  Mr.  Stephenson's 
arrangement. 

Another  arrangement  of  parts  for  a  rail-way  waggon 
was  recently  patented  in  America,  (by  Mr.  W.  Howard, 
of  Baltimore,)  having  for  its  objects  the  obviating  the  in- 
creased 'firiction  arising  from  passing  round  the  curves  of 
a  rafl-way,  and  the  reduction  of  the  friction  at  the'  axles. 
The  following  extract '  front  the  patentee's  specification, 
explains  the  construction  of  his  carriage. 
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^  The  size  of  Cke  wlieeky  their  distaoce  apart,  and  Ik 
distance  between  the  axles,  are  io  the  commoB  proportions 
used  in  racl^way  carriages.  The  connecting  beam  between 
the  fore  and  hind  axles,  is  fastened  firmly  thereto  by  jaws 
or  frames,  to  prevent  lateral  motion.  This  beam  is  divided 
in  the  centre,  between  the  axles,  one  end  having  a  tootb, 
and  the  other  a  socket,  cut  of  the  epicycloid  form,  to  keep 
the  point  of  action  at  an  equal  distance  from  the  centres 
of  each  axle.  The  axles  are  kept  together  by  fastening 
the  body  by  bolts  to  the  beds  resting  upon  each.  Another 
method  of  construction  is,  to  extend  the  beam  from  the 
hind  axle,  until  the  end  of  it  rests  upon  the  bed  of  tlie 
fore  axle,  while  the  beam  from  the  fore  axle  reaches  to  a 
short  distance  only  behind  the  central  point  of  action.  A 
bolt  then  passed  through  the  centre  of  the  hind  frame, 
and  the  end  of  the  fore  frame,  and  equi-distant  from  the 
axles,  forms  the  pivot  or  point  of  action  between  them. 
In  this  case,  the  waggon  is  fiutened  firmly  to  the  hind  bed 
only,  and  to  the  extremity  of  the  hind  beam,  which  rests 
on  the  fore  bed,  which  is  made  to  traverse,  laterally,  more 
easily  by  a  small  roller  upon  a  curved  strip  of  iron. 

^The  friction- wheels  are  contained  between  upright 
stands  or  supports,  of  cast  or  wrought  iron ;  each  wheel 
having  one  on  each  side,  connected  at  the  top  by  a  bolt 
and  nuts,  and  having  jaws  at  the  bottom,  wide  enough  to 
admit  the  axle  in  contact  with  the  friction- wheel;  each 
pair  of  friction-wheels  is  connected  by  iron  bars  passing 
through  each  arm  of  the  jaws  of  the  supports,  and  secured 
by  nuts:  between  these  bars  the  axle  revolves,  and  the 
bars,  rising  above  the  axle,  receive  the  beam,  and  form 
the  fore  and  hind  bends,  to  which  the  frames  of  the  beam 
are  securely  nutted.  To  obviate  the  little  friction  which 
may  arise  from  the  centre  of  the  friction- wheel  being 
directly  above  the  centre  of  the  axle,  it  may  be  placed  a 
little  obliquely,  and  a  small  friction-roller  used  in  one  of 
the  arms  of  the  jaws,  to  destroy  the  additional  friction 
there. 

^^The  axle^  have  two  shoulders  at  each  end,  one  of 
which  mipports  the  waggon  wheel,  and  is  either  firmly 
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fixed  to  it,  or  only  secured  hj  a  linch-pio,  and  the  other 
revolves  upon  the  friction-wheel. 

'*  These  principles  are  not  new,  but  the  combinatioa  of 
them  into  a  rail-way  carria^  is  new,  and  entitles,  the  in- 
ventor believes,  that  his  invention  be  secured  by  patent. 
The  peculiar  application  of  frictioD-wheek  is  also  new, 
and  claimed  as  original." 

Fig.  1,  represents  a  perspective  view  of  the  whole  car- 
riage, with  its  friction -wheels  attached. 

(FIG.  1.) 


Fig.  2,  represents  the  plan  of  the  waggon,  sbowinff-  par- 
ticularly the  manner  in  which  the  beds  of  the  two  axles 
are  coanected. 

(FIG.  8.) 
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(t  is  the  irott  waggdo  wheel,  made  as  usual,  except  thai 
it  id  arranged  so  as  to  tucn.on  the  axle,  to  which  it  is  se- 
cured by  the  linch^pin.fr,  or  any  other  contrivance,  c  b  a 
wheel  fixed  upon  the  axle,  as  in  the  coramoii  rail^road 
carriage,  d  d^  the  frictioilr wheels,  moving  upop  the  axles 
€  e,  and  supported  by  the  supports  //.  The  whole  of 
these  parts  are  of  wrought  or  cast  iron,  and  the  frames 
are  secured  together  by  screws  and  nuts,  so  as  to  l^eep 
them  solid,  and  as  .abtiwn  in  the  figure  ^,ODe  of  the  bars 
connecting  the  two  frames  together,  and  secured  in  like 
manner,  k  and  t,  are  the  two  frames  by  which  the  two 
Deds  are  connected  by  a  bolt,  at  the  point  ir,  equi-distaDt 
from  the  centre  of  each  axletree,  the  frame  t  of  the  hind 
bed  is  prolonged,  and  rests  on  part  of  the  frame  hj  imme- 
diately over  the  fore  axle,  the  motion  of  its  end,  laterally, 
being  facilitated  by  a  small  roller  at  l. 

Pig.  3,  represents  the  shape  of  the  frames y*^^  perm  ting 
the  axle  to  rest  on  the  periphery  of  the  friction-wheels. 
In  the  arrangement  here  drawn,  it  is  pro- 
posed  to  fix,  firmly,  the  body  of  the  wag-       '  (FIG.  3.) 
gon  on  the  hind  bed  and  frame  /,  to  move 
with  it.    Another  method  is,  to  attach 
each  bed  to  the  body  by  9^  bolt  at  m  and 
N,  round  which  the  beds  must  be  made  to 
traverse.  The  frames  are  then  to  be  con- 
nected at  o,  one  having  a  tooth  and  the 
other  a  socket.     Thescf  are  to  be  cut  of  the  epicycloid 
form,  which  will  keep  the  point  of  action  at  an  equal  dis- 
tan.«  from  ench  of  the  centres  m  and  n. 

Ir  it  be  found  objectionable  to  place  the  body  of  the 
waggon  entirely  above  the  wheels,  the  two  friction-wheels 
on  one  bed  4nay  be  placed  on  a  common  axle.  This  ar- 
rangement will  fiimpliiy  the  number  of  parts,  and  contri- 
bute to  the  steadiness  of  the  motion. 
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Under  this  title  is  compreheoded  a  deseriptioa  of  a  va^ 
riety  of  engines,  in  which  the  pressure  of  water,  and  the 
elastic  force  of  the  vapours,  as  well  as  the  gases,  of  various 
bodies,  are  employed  as  motive  power,  in  lieu  of  steam. 

It  is  well  known  that  the  expansive  force  of  fluidsi, 
generally,  is  augmented  by  an  increase  of  temperature,  and 
that  most  of  them  are  so  affected  in  a  greater  ratio  thas 
water,  by  a  similar  accession  of  heat.  This  fact  has  led 
many  ingenious  men  to  devise  machines  for  the  application 
of  their  forces ;  and  although  but  little  success  has  hitherto 
crowned  their  labours,  (with  the  exception  of  water  en^ 
gines,)  there  are  fair  grounds  for  hope  that  eventually  a 
useful  power,  in  peculiar  situations,  may  be  derived  from 
some  of  them.  In  the  first  part  of  this  work  the  gas^vacuum 
engine  of  Brown,  and  the  carbonic-acid'-gas  engine  of 
Brunei  have  been  described ;  those  which  follow  are  equally 
deserving  of  notice,  and  will  at  least  furnish  useful  infor** 
mation  to  those  who  are  studying  the  subject,  or  are  prac«> 
tically  engaged  in  endeavouring  to  accomplish  the  same 
object. 

Statical  Hydraulic  Engine^  erected  by  Mr.  Manwaring^  at 
Messrs.  Cook  and  CoJ*s  Alum  Works,  near  Whitby, 

The  mechanism  of  this  engine  is,  m  its  principal  features, 
similar  to  the  steam  engine.  Instead  of  the  elastic  pres- 
sure of  the  vapour  of  water^  the  water  itself  is  made  to 
operate,  alternately,  upon  both  sides  of  a  piston  in  a  cylin- 
der, with  a  force  according  to  the  height  from  which  llie 
water  descends.  The  annexed  account  of  the  hydraulic 
engine  at  Messrs.  Cook  and  Co.'s  alum  works,  was  drawn 
up  by  the  engineer  who  erected  it,  for  publication  in  the 
Transactions  of  the  Society  of  Arts. 

28.  4  n 
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The  above  figure  is  a  representation  of  the  eogitie; 
A  is  the  pipe  by  which  the  supply  of  water  is  brought  from 
a  head,  170  feet  above  the  engine ;  B  is  a  vessel  contain^ 
ing  air,  the  continual  elastic  pressure  of  which  prevents 
the  blow  that  would  otherwise  be  occasioned  by  the 
descent  of  the  water;  c  is  a  throttle  valve;  cfdis  ahollov 
open  cylinder,  working  within  an  exterior  one^  and  closely 
applied  to  that  cylinder  at  the  parts  ee,  ee,  but  elsewhere 
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leaving  a  vacant  space  between  the  two  cylinders  for  the 
reception  of  the  water ;  A  A  are  packings,  in  order  to  pre- 
vent the  escape  of  the  water  between  the  two  cylinders ; 
and  i  i  are  adjusting  screws,  to  tighten  the  packing,  in  pro- 
portion as  it  is  worn  away  ;  //are  two  passages  that  lead 
into  the  upper  and  lower  ends  of  the  pipe  g",  in  which  the 
piston  w,  works. 

When  the  cylinder  d  d,  is  in  the  position  represented  in 
the  plate,  the  communication  is  open,  by  means  of  the 
upper  pipe  /,  for  the  water  to  flow  into  the  pipe  gr,  above 
the  piston  w ;  at  the  same  time  the  passage  is  open  for  the 
water  in  the  cylinder  g,  below  the  piston,  to  flow  out 
through  the  lower  pipe/,  and  through  the  lower  part  of 
the  open  cylinder  d,  into  the  pipe  x,  which  is  somewhat 
more  than  SO  feet  long,  and  terminates  in  a  cistern  of 
water.  There  is,  therefore,  above  the  cistern  u?,  a  hydros- 
tatic pressure,  equal  to  170  feet  of  water,  and  below  it  a 
partial  vacuum;  the  piston  consequently  descends  to  the 
bottom  of  the  pipe  g.  By  the  time  that  it  has  arrived  in 
this  position,  the  cylinder  d,  will  also  have  descended  so 
far,  as  to  have  opened  the  communication  between  the  en- 
tering water,  and  the  lower  pipe/,  and  to  have  shut  ofi^  its 
communication  with  the  upper  pipe  /;  the  hydrostatic 
pressure  is  therefore  transferred  to  the  under  part  of  the 
piston,  which  consequently  rises,  while  the  water  above 
the  piston  pours  into  the  top  of  the  cylinder  d,  and 
escapes  through  the  pipe  x. 

The  alternate  motion  of  the  slide  or  cylinder  d,  is  thus 
effected.  The  rod  of  the  piston  u;,  is  attached  at  its  top 
to  one  end  of  the  beam  ;  at  the  other  end  of  the  beam  is  a 
rod,  terminating  below  in  the  crank  m ;  the  oscillating  mo- 
tion of  this  crank  is  transferred,  by  means  of  the  connect- 
ing bar  /,  to  the  axis  it,  on  which  is  placed  the  curved 
tooth,  or  cam  n  ;  the  latter  is  inclosed  within  the  rectan- 
gular frame  (or  cam  box)  j^  and  being  moveable  in  a  hori- 
zontal position,  is  consequently  made  to  perform  a  back- 
ward and  forward  motion,  by  the  cam  pressing  first  on 
one,  and  then  on  the  other  side  of  the  box.  To  the  out- 
side of  the  box  arc  fixed  two  guide  bars,  supported  on  thp 
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bearings  dOj  the  connecting  rod  p,  at  one  end  to  the 
guide  bar,  and  at  the  other  end  to  the  arm  g,  of  a  bent 
lever^  having  for  its  fulcrum  the  pivot  r ;  the  other  end  of 
the  lever  is  forked,  and  embraces  the  pipe  x ;  one  of  these 
forks  Sf  is  connected  with  a  similar  rod ;  these  rods  are 
fastened  at  top  to  the  two  ends  of  a  cross  bar,  to  the  mid- 
dle of  which  is  fixed  the  rod  Uy  which  works  in  the  stuffing 
box  9,  and  gives  motion  to  the  slide  d. 

The  slide  remains  stationary  nearly  half  a  stroke  of  the 
piston,  in  order  to  allow  the  water  to  act  with  its  full  force, 
and  this  is  effected  by  its  being  necessary  for  the  cam,  after 
it  has  moved  the  box  in  one  direction,  to  perform  about  a 
quarter  of  a  revolution,  before  it  can  act  on  the  opposite 
side  of  the  box.  The  reason  for  making  the  passages// 
as  large  as  represented,  is  to  diminish,  as  much  as  possible, 
the  friction  of  the  water,  which  otherwise  would  retard  the 
motion  of  the  piston* 

Patent  Vapour  Engine^  by  Mr.  Thomas  Howardj  of  Nw 

Broad  Street,  London*    1826. 

The  intention  of  the  inventor  of  this  engine,  was  the 
employment  of  alcohol  or  ether,  as  a  motive  power,  on  the 
ground  of  their  exerting  a  much  greater  expansive  force 
than  steam,  at  similar  temperatures.  As  the  expense  of 
alcohol  and  ether  is  too  great  to  allow  of  any  considera- 
ble waste  of  the  kind,  one  of  the  principal  difficalties  at- 
tending the  construction  of  an  engine  of  the  kind,  has  been 
to  prevent  the  escape  of  the  vapour.  In  this  machine  the 
rapour  is  generated  in  the  cylinder  itself;  therefore,  no 
distinct  boiler  being  employed,  the  apparatus  is  very  com- 
pact and  light.  The  following  description  we  gather  from 
the  specification  of  the  invention. 

*^  I  erect  two  metal  cylinders,  (a  6,  figure  No.  1),  made  firm 
audsecure  by  any  of  the  ordinary  methods.  These  cylinders 
communicate  with  each  other,  at  the  lower  part,  by  a  hori- 
zontal tube,  or  smaller  cylinder,  or  otherwise,  so  as  to  form 
a  free  passage  at  c,  from  one  to  the  other.  Then  such  a 
quantity  of  fixed  oil,  mercury,  or  other  fluid,  or  substance 
becoming  fluids  but  not   evaporating  at  the  degree  of 
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heat  to  which  it  will  be  there  exposed,  is  introduced  into 
these  cylinders,  as  will  fill  the  base  of  the  one,  the  interme- 
diate passage,  and  nearly  the  whole  of  the  other  cylinder, 
to  serve  as  a  medium  of  heat  necessary  for  generating  the 
vapour  for  working  the  engine.     Within  one  cylinder  i, 
is  placed  a  piston,  exposed  above  to  the  pressure  of  tbe 
atmosphere,  and  having  a  rod  and  stuffing  in  the  usual 
manner.     In  the  other  cylinder  a,  is  placed  a  thin  metallic 
dish  d,  floating  freely  upon  the  oil,  or  other  fluid  before- 
mentioned.   This  latter  cylinder  has  a  top  fastened  dovrn, 
quite  air-tight,  through  the  centre  of  which  top  is  brought 
a  tube  €,  proceeding  from  the  condenser  (hereinafter  des- 
cribed), the  lower  end  of  which  tube  within  the  cylinder 
terminates  in  a  nosle  pierced  with  many  small  holes.  This 
tube  is  passed  through  a  piece  of  cork,  wood,  or  other  im- 
perfect conductor  of  heat,  fixed  into  the  top  of  the  cylin- 
der with  a  ring  screwed  down  above  it,  in  which  the  tube 
is  made  secure  by  a  small  screw  /,  in  order  that  all  these 
parts  may  be  air-tight.     In  the  top  of  the  cylinder  a,  is  ao 
oblong  orifice,  closed  by  a    valve  g,  of  the  like  form, 
which  opens  inwards  by  a  rod  ^,  striking  the  valve  near 
one  end,  with  the  advantage  of  a  lever  (as  a  door),  at 
which  end  is  a  small  hollow,  for  the  purpose  of  receivio; 
the  rod;  at  the  other  end,  the  valve  is  confined  to  its  seat 
by  a  crane-neck  spring,  bending  over  above  it,  (as  in  the 
figure  No.  1.  near  g)  ;  the  rod  is  entirely  detached  from 
the  valve,  so  that  the  rod  has  the  power  only  to  open  tbe 
valve.     The  advantage  of  which  is,  that  any  accidental 
irregularity  in  the  motion  of  the  rod  will  not  derange  the 
valve  itself.     The  valve  rod  passes  through  an  air-tight 
stuffing  box  i,  in  the  usual  manner.    A  safety  valve  i,  ^ 
placed  on  the  top  of  the  cylinder  a.      There  is  an  orifice, 
Ij  through  the  piston,  into  which  is  fitted  a  plug  or  stop- 
per m,  by  means  of  which  the  height  of  the  oil,  or  other 
fluid   hereinbefore  described,  above    the  piston  (whicfl 
should  always  be  kept  a  little  above  the  piston),  nnay  he 
regulated  when  necessary.     The  oil,  or  other  fluid,  may 
at  any  time,  when  required,  be  withdrawn  from  the  cylin- 
ders by  a  cock,  n,  near  the  bottom,  and  may  be  again  in* 
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trodaced  by  the  top  of  the  piston  cylinder,  through  the 
orifice  /,  in  the  piston.     The  degree  of  heat  necessary  for 
the  purpose  of  working  my  vapour  engine,  is  obtained  by 
means  of  a  sufficient  number  of  lamps,  0,0, 0,0,  on  the  prin- 
ciple of  the  argand  lamp,  and  on  a  larger  scale  when 
required.     These  lamps  are  supplied  with  oil,  or  other 
inflammable  liquid,  or  gas,  and  placed  below  the  cylinders, 
and  the  chimneys  of  which  lamps  are  passed  into,  and 
through  a  thin  metallic  or  other  covering,  which  covering 
is  carried  round  both  the  cylinders,  (except  the  upper  part 
of  the  piston  cylinder),  at  a  small  distance  from  the  cylin« 
ders,  so  as  to  confine  and  carry  the  heated  air  entirely 
round  them.      The  lamp  chimneys  should  be  made  of 
metal,  with  a  hole  therein,  covered  with  talc,  through 
which  the  flame  may  be  seen  for  the  purpose  of  regulation. 
There  is  a  tube  or  chimney,  p,  at  the  top  of  the  last-men- 
tioned covering,  which  tube  may  be  more  or  less  closed 
by  a  top  or  register,  9,  the  better  to  regulate  the  heat  of 
the  air  within  the  covering.    By  means  of  a  small  forcing 
pump,  r,  which  is  set  in  motion,  and  the  length  of  its 
stroke  regulated  by  any  of  the  ordinary  methods  in  use  in 
the  steam  engine,  the  tube  6,  which  enters  the  top  of  the 
vapour  cylinder,  is  supplied  from  the  condenser  with  the 
liquid,  which  is  afterwards  to  be  converted  into  vapour, 
within  the  cylinder  a.    The  liquid  to  be  employed  may  be 
either  ether,  alcohol,  essential  oil,  or  other  liquid,  which 
evaporates  more  rapidly,  and  at  a  lower  temperature  than 
water.     I  do  not  however  confine  myself  to  any  particular 
liquid  or  liquids,  for  even  water  may  be  used,  if  the  heat 
be  sufficiently  raised.     The  degree  of  heat  to  which  it  is 
proper  to  raise  the  oil,  or  other  fluid  medium  within  the 
cylinders,  must  be  varied  according  to  the  nature  of  the 
liquid  to  be  evaporated,  and  to  the  extent  of  power  re- 
quired.    In  order  readily  to  ascertain,  and  be  enabled  to 
regulate  correctly,  the  degree  of  heat  within  the  cylinder, 
a  thermometer  is  attached  to  any  convenient  part,  with 
its  bulb  passed  through  the  cylinder  into  the  oil  or  other 
fluid  medium.     From  the  nosle  of  the  tube  e  above  de« 
leribed,  a  sufficient  quantity  of  the  liquid  before  mentioned 
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ifl  thrown  by  the  action  of  the  forcing  pump  r,  not  gn- 
dually,  but  quickly,  and  at  once  upon  the  dish  D,  wUck 
being  previously  heated  by  the  oil,  (or  other  fluid  nedion) 
on  which  it  floats,  quickly  converts  the  liquid  thrown  ob 
it  into  vapour,  which  vapour  receives  an  increase  of  ex- 
pansive power,  by  the  heat  of  the  cylinder  ;  and  pressing 
upon  the  oil  (or  other  fluid  medium)   and  dish  floating 
thereon,  forces  the  oil  through  the  horizontal  passage  C, 
into  the  piston  cylinder,  and  raises  the  piston  to  its  highest 
point  of  elevation.     The  valve  6  in  the  vapour  cyliiuier, 
being  now  opened,  the  vapour  escapes  by  a  tube  S  into 
a  separate  vessel  (as  in  the  steam  engine  of  Watt)  and  is 
there  condensed ;  the  piston  then  returns  by  the  preBBurc 
of  the  atmosphere,  and  the  dish  is  carried  again  to  ihetof 
of  the  vapour  cylinder.    The  valve  G  is  now  closed,  aol 
a  fresh  portion  of  liquid  is  thrown  by  the  forcing  poop 
upon  the  dish,  to  be  converted  into  vapour,  and  the  ope- 
ration is  repeated  as  before.   The  dish  D  is  not  absolotelf 
necessary,  as  the  liquid  may  be  thrown  upon  the  oil  (orother 
fluid  medium);  but  I  prefer  a  dish,  which  should  be  made  of 
copper,  with  a  flat  bottom,  the  internal  surface  of  whici 
flhould  not  be  polished.  A  sliding  valve  T,  is  placed acrotf 
the  horizontal  tube  or  passage  between  the  two  cylinder^ 
flo  as  occasionally,  either  entirely  or  partially,  to  close 
the  passage  from  one  cylinder  to  the  other,  by  means  w 
which  the  motion  of  the  engine  may  be  easily  reguUtea 
or  stopped.  In  the  top  of  the  cylinder  A,  is  fixed  a  tubeiS 
by  which  the  vapour  is  conveyed  from  the  cylinder  to  w 
4;ondensed;  and  the  tube  should  be  divided,  and  a  ring^ 
cork,  wood,  or  other  imperfect  conductor  of  heat  a,  flk^"^" 
be  placed  between  the  two  parts,  which  should  then  be 
screwed  up  together  air-tight.    By  means  of  this  arrange- 
ment, the  traij^ission  of  the  heat  from  the  cylinder  to  ^j^ 
condenser  is  interrupted.   The  other  end  of  the  tubewW' 
sorted  into,  or  communicates  with,  a  circular  tube  or  iJ«' 
low  ring,  VV,  into  which  a  number  of  smaller  tubes,  n>8ri« 
severally  U,  made  of  copper  or  other  metal,  as  thin  ^ 
required  stiength  will  permit,  are  fixed  and  arr8Dg«d  i» 
a  circle.    These  smaller  tubes  are  also  inserted  Mo0t^ 
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ther  vessel  below   W,   which   ^orms  a  reservoir  for  the 
vapour,  when  condensed.     The  liquid  formed  by  the  con- 
densed vapour  may,  by  means  of  a  pipe,  with  a  cock  </, 
placed  in  the  bottom  of  the  vessel,  be  withdrawn  when  re- 
quired.    The  outer  and  upper  part  of  the  condenser  has 
upon  it  a  circular  bason  or  open  vessel  X,  into  which 
water  is  thrown  by  a  pump  or  otherwise,  as  may  be  conve- 
nient.    The  smaller  tubes  severally  marked  U,  are  each 
wrapped  round,  and  covered  on  their  external  surface  with 
flannel,  or.  other  porous  substance  of  the  like   nature, 
which  is  carried  over  into  the  upper  ring  or  bason  X,  from 
whence,  being  previously  wetted,  the  water  is  absorbed^ 
and  the  flannel,  or  other  porous  substance  used,  acting  like 
a  syphon,  conductd  it  down  the  outside  of  these  tubes  into 
a  vessel  Y  below  them,  frond  which  it  may  be  allowed  to 
run  ofl^,  or  be  pumped  again  into  the  upper  vessel  X,  if  re- 
quired. Within  the  hollow  circle  formed  by  these  smaller 
tubes,  severally  marked  U,  is  a  machine  upon  the  principle 
of  a  fan,  kept  in  rapid  motion  by  the  engine  or  otherwise. 
By  this  means,  a  continued  stream  of  air  is  thrown  upon  the 
wet  flannel,  or  other  porous  substance,  and  the  heat  is 
consequently  thereby  more  quickly  withdrawn  from  the 
condenser.     Previously  to  setting  the  engine  to  work,  it  is 
necessary  to  withdraw  the  air  from  the  condenser  and  va- 
pour cylinder,  which  is  done  by  means  of  an  exhausting 
pump  or  syringe  applied  at  c,  to  a  pipe  with  a  stop-cock  6, 
fixed  on  the  top  of  the  condenser.     The  liquid  to  be  con- 
verted into  vapour  for  working  the  engine,  is  introduced 
into  the  vessel  or  reservoir  at  the  bottom  of  the  condenser, 
through  a  tube  e,  closed  by  a  screw  cap/.     From  this  ves- 
sel or  reservoir,  (the  fluid  in  the  cylinder  having  been  first 
heated,)  the  liquid  is  thrown  into  the  cylinder  A,  by  the 
forcing  pump  R,  as  before  described.    A  mercurial  guage 
may  be  fixed  in  the  usual  manner  to  any  part  of  the  con- 
denser, in  order  to  shew  the  degree  of  exhaustion  within. 
This  method  of  producing  condensation,  consists  in  expos- 
ing the  vapour,  or  elastic  fluid  to  be  condensed,  to  a  large 
surface  of  metal  surrounded  or  covered  with  flannel,  or 
some  other  porous  substance,  continually  absorbing;  water,  ' 
28.  4o 
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and  at  the  same  time  acted  on  by  a  stream  of  atmosplieffie 
air,  and  I  claim  the  application  of  this  new  method  of  pro- 
ducing the  condensation^of  the  elastic  fi  aids  or  vaponrasap- 
plicable  generally,  and  not  as  applicable  to  my  engine  ooly. 
The  condensation  of  the  vapour  or  elastic  fluid  may  also 
be  effected  by  injection,  upon  the  same  principle  as  in  the 
steam  engine,  but  with  the  advantage  of  dispensing  witl 
the  constant  use  of  an  air-pump,  and  effectually  preventing 
the  escape  of  any  of  the  vapour  or  liquid.     To  effect  tbe 
condensation  by  injection,  a  tube  S,  (figure  No.  2)  con- 
veys the  vapour  into  an  oblong  vessel  jf,  made  of  copper 
or  other  metal,  as  thin  as  the  pressure  will  allow.    Tke 
required    quantity  of  the  liquid  before  mentioned,  to 
be  afterwards  thrown  into  the  cylinder,  is  introduced  into 
the  condenser  or  vessel  g^  by  the  tube  e  as  before,  or  by  t 
funnel  o,  on  the  top  through  a  stop  cock  p.     The  forcin; 
pump  R,  the  E   to  convey  the  liquid  into  the  cylinder, 
the  pipe  and  cock  b  for  withdrawing  the  air,  and  also  the 
pipe  and  cock  <f,  by  which  the  liquid  may  at  any  time 
be  withdrawn,  are  constructed  as  in  the  hereinbefore  de- 
scribed, and  the  lifting  pump  withdrawing  a  quantity  of 
the  liquid,  is  dispersed  throughout  the  vessel  jr,  and,  con- 
densing the  vapour  therein,  passes  with  it  to  the  botton 
of  the  vessel.    Part  of  this  liquid  is  again  thrown  into  the 
cylinder  by  the  forcing  pump  R,  to  be  converted  into  va- 
pour as  before  described,  and  part  of  it  is  again  employed 
to  condense  the  vapour,  in  the  manner  last  before  men- 
tioned.    In  effecting  the  condensation  by  injection,  t 
condenser  and  tubes  connected  therewith  are  immersed  i& 
a  cistern  of  cold  water,  a  stream  of  which  is  continually 
passing  through  it,  as  in  the  steam  engine.     The  vapour 
engine  hereinbefore  described,  operates  against  the  pres* 
sure  of  the  atmosphere.*'  (This  may  beavoided,andadooUe 

action  produced,  by  arrangements  similar  to  those  in  steam 
engines,  wUch  are  described  by  the-  patentee.) 

<' Although  I  prefer  the  use  of  lamps  upon  Argand^s 
principle,  in  order  to  obtain  the  requisite  degree  of  b^^ 
to  give  motion  to  my  vapour  engine ;  yet  an  engine  0*7 
be  so  constructed,  that  fuel  of  any  kind  may  be  used.  The 
foregoing  are  some  of  the  combinations  of  machineryy  to 
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which  my  invention  is  applicable ;  but  1  moreorer  claim, 
as  my  exclusive  invention,  the  application  for  the  purpose  of 
givingmottou  to  machinery,  of  vapour  generated  from  such 
liquids  as  evaporate  at  a  lower  temperature  than  water." 

The  annexed  diagram  is  explanatory  of  another  form  of 
engine,  suggested  by  Mr.  Howard,  which  operates  against 
the  pressure  of  the  atmosphere,  and  upon  which  also  de- 
pends the  return  or  vacuum  stroke  of  the  piston.     Two 
methods  of  avoiding  this,  and  producing  a  double  action, 
are  given  in  the  specification,  but  which  are  not  inserted 
here.     The  following  diagram 
presents  an  outline  of  a   very 
effectual  arrangement,    a  a  are 
the  vapour  cylinders  or  vessels, 
(the  form  of  which  may  be  va- 
ried ;)  bia  the  piston  cylinder ; 
c,  the  piston,  working  horizon- 
tally.    The  arrangement  of  the 

lamps,  injecting  tubes,  &c.  is  upon  the  same  principle  as 
before.  The  vapour  is  alternately  generated  within,  and 
withdrawn  from  the  two  vessels,  a  a,  and  acts  upon  the 
piston  through  the  medium  of  the  oil  or  other  fluid,  upon 
which,  or  upon  the  thin  copper  floats  dd,  the  small  quan- 
tity of  liquid  to  be  evaporated  is  injected,  as  before  de- 
scribed. 

In  the  Register  of  Arts,  (vol.  4,  page  66,  from  whence 
this  account  is  extracted,)  are  contained  some  additional 
observations  on  this  subject,  by  the  ingenious  patentee, 
which  appearing  to  us  to  be  well  deserving  of  the 
consideration  of  the  reader,  we  here  transcribe  them. 

"The  leading  principles  upon  which  this  invention  is 
founded  are,  the  generating  no  more  vapour  than  is  ac- 
tually demanded  to  produce  the  required  effect;  the  fur- 
ther expansion  of  the  vapour  in  the  vessel  in  which  it 
operates;  and  the  employment,  under  these  arrangements, 
of  such  liquids  (though  not  exclusively)  as  evaporate 
more  rapidly,  and  at  a  lower  temperature,  than  water.  It 
is  obvious  that  the  first  principle  cannot  be  effected,  when 
there  is  employed  a  boiler,  or  generator  of  any  kind,  dis- 
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tiuct  from  the  cylinder  or  other  vessel  in  which  (he  va- 
pour  operates  by  its  pressure,  and  between  which  the 
communication  is  shut  off  at  interval^.     The  advantage  of 
preventing  the  cooling  of  the  cylinder  of  the  steam-engine 
was  observed  by  Watt,  and  has  been  attempted  in  a  va* 
riety  of  ways,  and  was  successfully  effected  by  placing  it 
within  the  boiler,  as  in  the  high-pressure  engine  of  Tre- 
vithick.      But  I  have  nowhere  heard  of  its  having  been 
proposed  to  raise  the  temperature  of  the  cylinder  hiqkxr 
than  that  of  the  boiler.    This  principle  could  not,  indeed, 
be  accomplished  with  its  full  advantage   in  the  steam* 
engine,  because  the  expansion  of  the  vapour  by  heatio 
the  cylinder  would  only  be  partial ;  for  when  the  coromu* 
nication  is  open  with  the  boiler,  there  cannot  exist  a 
greater  pressure  within  the  one  vessel  than  the  other; 
therefore,  the  vapour  in  the  boiler  must  also  be  expanded, 
before  the  whole  effect  can  be  produced.     When  the  va- 
pour is  generated,  as  in  my  engine,  within  the  vessel  in 
which  it  operates  by  its  pressure,  the  same  source  of  heat 
employed  for  the  former  purpose,  is  also  made  to  increase 
the  effect  of  the  latter ;  the  whole  vessel  being  surrounded 
with  a  medium  (ether,  air,  or  a  fluid)  heated  by  the  fuel 
employed  to  generate  the  vapour.      By  these  arrange- 
ments, combined  also  with  a  fluid  medium  within  the  va- 
pour vessel,  and  which  likewise  prevents  any  escape  of 
the  vapour,  the  loss  of  heat  by  radiation,  &c.  is  as  much 
prevented  as  perhaps  it  can  possibly  be,  owing  io  tbe 
small  extent  of  surfarce  to  which  it  is  necessary  to  apply 
the  fuel,  and  to  its  being  made  to  bear  at  once  upon  tbe 
vessel  in  which  the  effect  operates.    When  we  reflect  that 
every  additional  40®  of  heat  doubles  the  previously  exi8|' 
ing  expansive  power  of  the  vapour,  the  advantages  of  this 
system  will  be  evident.     While  the  temperature,  40*j  p*^' 
ceeds  in  an  arithmetical,  the  expansion  proceeds  in  ageome- 
trical  ratio,  or  nearly  so.    Other  advantages  are  also  ob- 
tained by  generating  the  vapour  in  the  vessel  in  which  » 
operates.     No  injurious  condensation  of  the  vapour  takes 
place  by  the  injection  of  the  liquid  to  be  evaporated,  he- 
cause,  at  the  moment  of  injection,  there  is  no  vapour  »■ 
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the  ve98f*l ;  neither  19  there  any  pressure  to  overcome,  in 
introducing  the  liquid. 

^'  \Vhen  the  idea  first  occurred  to  me  of  employing, 
instead,  of  water,  liquids  which  evaporate  at  a  lower 
temperature,  I  perceived  immediately,  that  it  would  be 
hopeless  to  attempt  the  practice  of  such  a  theory  upon 
the  present  principle  of  the  steam  engine ;  and  when  I 
afterwards  found  that  such  had  actually  been  attempted 
with  alcohol,  I  was  not  surprised  that  it  had  proved  abor- 
tive. To  say  nothing  of  the  danger  of  placing  a  furnace 
under  a  boiler  containing  a  large  quantity  of  an  inflam- 
mable liquid,  it  would  be  almost  impossible  to  prevent  its 
escape,  which  would  soon  amount  to  far  more  than  the 
saving  of  fuel  that  would  be  made  upon  that  plan.  After 
making  many  experiments,  it  appeared  to  me  that  the  va- 
pour might,  by  a  new  and  proper  arrangement,  be  gene- 
rated within  the  cylinder  itself,  and  thus  do  away  with 
the  necessity  of  a  separate  boiler,  or  generator  of  any 
kind.  I  ascertained  that  ether  or  alcohol  would  evapo- 
rate with  sufficient  rapidity,  and  would  produce  an  in- 
stantaneous and  very  great  pressure  in  a  closed  vessel,  if 
the  surface  upon  which  a  small  quantity  was  thrown,  were 
heated  to  about  100"  above  the  boiling  point  of  the  liquid. 
In  these  experiments,  mercury  was  employed  as  a  medium 
upon  which  to  evaporate  the  liquid.  The  following  Table 
will  explain  the  system. 


ether,  at 

the  tempe* 

ratnre  of 

Alcohol,  at 

the  tempe- 

ratoreof 

Water,  at 
the  tempe- 
rature of 

1 
Force  of 
▼apoar 
inatmo* 
spheres. 

CnMc  Inches  of  Tapour 
of  atmospheric  pres- 
sare,  prodaced  from 
one  cubic  inch  of  li- 
quid.* 

- 

100* 

140 

180 

220 

260 

300 

176* 

216 

266 

296 

886 

876 

212<' 

262 

292 

882 

872 

412 

1 
2 
4 
8 
16 
82 

1800 

8600 

7200 

14400 

28800 

67600 

Pressure  in  va- 
cuo at  the  tem. 
peratnre  of  60' 
in  inches  of  oier- 
cury : — ether  12 
inches,    alcohol 
2  inches,  water 
i  inch  J — 

*  In  a  subsequent  communication  to  the  scientific  Journal  quoted, 
Mr.  Howard  obfervea^  that  the  fifth  column  of  this  table  must  be  oon» 
ridercd  enroneow* 
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— and  so  on  in  proportion,  for  every  additional  40*  of  beat, 
but  gradually  decreasing  in  effect,  as  the  temperature  ad* 
vances.  The  calculations  are  given  only  as  au  approxi- 
mation sufficiently  correct  to  illustrate  the  theory. 

^^  Suppose  it  be  required  to  wprk  an  engine  with  ether, 
having  a  cylinder  or  vapour  vessel  or  vessels,  twenty 
inches  in  diameter,  and  thirty  inches  in  length,  and  with 
a  pressure  on  the  piston,  or  (which  is  the  same  in  effect,) 
vpon  the  intermediate  fluid,  of  eight  atmospheres,  and 
which  would  be  a  very  powerful  engine.     Such  a  vessel 
as  that  above  described  will  contain  about  ten  thousand 
cubic  inches.     This  will  require  the  evaporation  of  about 
five  and  a  half,  say  six  cubic  inches  of  ether,  at  two  hun- 
dred and  twenty  degrees^  as  six  cubic  inches  coataio 
nearly  sixteen  hundred  grains  or  drops  of  liquid,  five 
drops  must  be  evaporated  from  each  square  inch,  sioce 
the  diameter  of  the  vessel,  twenty  inches,  presents  a  sur- 
face of  about  three  hundred  and  twenty  square  inches. 
Five  drops  of  ether  upon  a  square  inch  of  surface,  heated 
to  two  hundred  and  twenty  degrees,  will  evaporate  with  a 
rapidity  sufficient  to  produce  a  motion  equal  at  least  to 
the  condensing  steam  engine.     By  decreasing  the  beat,  or 
the  quantity  of  liquid  injected,  the  effect  will  be  decreased 
in  proportion,  so  that  the  motion  and  power  of  the  engine 
may  be  governed  with  great  exactness.    If  the  quantity 
of  liquid  injected  be  decreased,  and  not  the  heat,  the 
power  (pressure)  only  will  be  decreased:  the  motioD,flo 
far  as  depends  upon  the  quickness  of  evaporation,  may 
even  be  increased.     The  relative  proportion  between  the 
motion  and  power  also  depends  upon  that  between  the 
surface  of  the  piston  and  the  surface  of  the  intermediate 
fluid,  which  receives  the  pressure  of  the  vapour.    It  ^ 
not  necessary  at  present  to  enter  fully  into  this  part  of  tbe  / 
subject ;  there  must  be,  of  course,  a  certain  modification 
with  regard  to  the  temperature  and  the  quantity  ofUq^^ 
injected,  which  will  be  found,  by  practice,  to  produce  the 
most  advantageous  result,  according  to  the  purpose  for 
which  the  engine  is  designed,  and  other  circumstances. 

^^  Alcohol  will  furnish  the  same  results  b»  etbtf^  ^  ^ 
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temperatare  be  raised  seventy-fiye  degprces  higher,  and 
upon  the  whole,  this  liquid  may  perhaps  be  preferable, 
particularly  as  it  may  be  more  readily  aud  effectually 
condensed. 

<'  Water  will  also  give  the  same  expansive  power,  at  one 
hundred  and  twelve  degrees  higher  than  ether,  or  thirty* 
seven  degrees  higher  than  alcohol ;  but  the  motion  of  the 
engine  would  be  comparatively  slow  at  this  degree  of 
heat,  and,  therefore,  independently  of  the  necessary  in- 
crease of  temperature,  the  greater  quantity  of  latent  ca- 
loric absorbed  by  its  vapour,  and  other  circumstances,  the 
same  effect  can  only  be  produced  from  this  liquid^  by  a 
greater  consumption  of  fuel.  Nevertheless,  there  may  be 
instances  in  which  water  would  be  employed,  as,  even  in 
this  case,  the  consumption  of  fuel  will  be  very  small,  com- 
pared with  the  steam  engine.  It  must  be  remembered 
that  it  is  not  necessary  that  the  whole  of  the  liquid  in- 
jected should  evaporate  instantly.  It  is  sufficient  if  it 
evaporate  during  the  time  occupied  by  the  descent  of  the 
surface  on  which  the  pressure  operates,  and  which  pres- 
sure commences  immediately  upon  the  injection  of  the 
liquid,  because  a  very  small  quantity  of  vapour  is  suffi- 
cient to  fill  the  contracted  space  existing  at  this  moment 
in  the  vessel,  and  which  space  enlarges  with  the  increased 
quantity  and  pressure  of  the  vapour,  until  the  required 
motion  be  produced ;  when,  the  vapour  being  withdrawn, 
the  medium  within  the  vessel  returns  by  the  pressure  in 
the  contrary  direction,  and  again  occupies  the  space  from 
which  it  was  ejected  by  the  vapour.  It  is  thus  that  no 
more  vapour  is  generated  than  is  actually  employed;  and 
as  this  is  the  utmost  degree  of  simplicity  at  which  we  can 
arrive,  may  we  not  presume,  even  from  this  cause  alone, 
that  it  is  the  most  effectual  method  of  availing  ourselves 
of  the  vapour  of  liquids  ?  , 

"  The  arrangement  of  the  argand  lamps,  and  the  man- 
ner in  which  the  heat  produced  by  them  is  made  effectual, 
will  be  understood  by  inspecting  the  drawings  annexed 
to  the  specification.  The  principle  of  the  invention  is, 
the  permitting  no  air  to  approach  the  vapour  vessels  or 
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cylinders,  but  such  as  has  been  inteusely  heated  by  pas* 
log  through  the  flame  of  the  lamps.  Charcoal  maybe 
employed  in  much  the  same  way ;  but  when  fuel  of  this 
kind  is  made  use  of,  I  purpose  to  surround  the  cylinders 
with  a  fluid  medium,  instead  of  heated  air,  and  which 
may  also  be  added  when  lamps  are  used,  but  in  this  case 
it  does  not  appear  to  be  necessary.  The  surface  exposed 
to  the  atmosphere  may  be  coated,  externally,  with  some 
imperfect  conductor  of  heat.  Many  advantages  will  re- 
sult from  the  employment  of  argaod  lamps,  particularly 
in  navigation.  In  powerful  engines,  they  will^  of  coarse, 
be  constructed  on  a  large  scale. 

^^  Having  completed    these    arrangements,   it  became 
necessary  to  devise  some  other  mode  of  condensing  the 
vapour  than  that  practised  in  the  steam  engine;  for  the 
injection  of  fresh  portions  of  cold  water  is,  of  course,  io- 
admissible,  when  the  vapour  of  other  liquids  is  to  be  con* 
densed.     By  the  first  method,  given  in  the  specification, 
the  condensation  is  effected  without  injection.    Bysur* 
rounding  the  thin  copper  tubes  with  a  porous  substance^ 
absorbing  water  from  a  vessel  above,  a  continually  re- 
newed stream  of  it  is  brought  into  contact  with  ihem; 
and  by  subjecting  this  extended  surface  to  the  constant 
action  of  fresh  portions  of  atmospheric  air  (which  may  be 
done  in  several  ways),  the  evaporation,  or,  more  properly, 
the  solution  in  air,  of  the  water,  reduces  the  tempera- 
ture very  rapidly,  about  ten  degrees  lower  than  can  be 
effected  with  the  water  only,  and  a  small  supply  of  water 
is  sufficient ;  for  I  imagine  that,  in  most  cases,  the  water 
M  ill  run  off  sufficiently  cool  to  be  again  made  use  of.   1 
propose  the  introduction,  with  some  suitable  modifica- 
tions, of  this  method  of  condensation  into  distilleries.  The 
first  cost  will  be  far  less  than  that  of  the  heavy  worm  and 
tub  at  present  in  use,  and,  I  doubt  not,  will  be  found 
more  effectual. 

"  A  method  of  condensation  by  injection  is  also  given 
in  the  specification,  and  I  think  it  preferable  to  the  for- 
mer, where  a  large  supply  of  cold  water  is  readily  olf 
♦ained,  as  in  navigation.     The  principle  is  the  circalaUoi^ 
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through  the  condenser  of  the  same  liquid,  which,  after 
having  performed  its  office  within  the  condenser,  is  with- 
drawn, and,  previously  to  being  again  injected,  is  cooled 
by  passing  through  a  pipe,  or  worm,  exposed,  as  is  the 
ivhole  of  the  condenser,  to  a  stream  of  cold  water.  As  no 
air  is  introduced,  it  obviates,  in  my  engine,  the  necessity 
of  an  air-pump  in  constant  action.  This  method  is  also 
equally  applicable  to  the  steam  engine,  and  would  relieve 
it  from  a  great  part  of  the  burthen  of  the  air-pump. 

"  With  respect  to  the  safety  of  my  invention,  it  will  be 
seen,  that  it  may  be  made,  at  pleasure,  either  a  high  or 
low-pressure  engine.  As  it  is  very  easy  to  construct  the 
vapour  vessels  of  uniform  strength  throughout,  and  as  the 
effect  of  the  safety-valve  may  be  depended  upon,  because 
the  vessels  cannot  be  injured  by  the  heat  to  which  they 
are  exposed,  owing  to  the  manner  in  which  it  is  applied, 
it  may  be  very  safely  proposed  to  extend  the  pressure  to 
eight  or  t«n  atmospheres ;  not  that  this  is  by  any  means 
necessary  to  the  success  of  the  system,  for  a  low-pressure 
will  answer  to  the  theory  equally  well;  and  as  the  size 
of  the  cylinders  cannot  generally  be  an  object  of  much 
consequence,  it  may,  perhaps,  be  considered  prefer- 
able. 

^^  In  accomplishing  this  undertaking,  that  some  of  those 
difficulties  may  present  themselves,  which  are  always  attend- 
ant upon  the  introduction  of  a  new  system,  I  am  fully  pre- 
pared to  expect ;  but  that  they  can  only  be  of  minor  im- 
portance, I  have  fortunately  been  enabled  to  place  beyond 
a  doubt,  by  the  experiments  which  I  have  made  upon  an 
engine  (not  yet  completed)  having  cylinders  of  eight 
-  inches  diameter.  As  it  operates  against  the  pressure  of 
the  atmosphere,  this  alone,  were  there  no  other  indication, 
is  sufficient  proof  of  the  power  of  the  vapour,  and  which 
seems  capable  of  being  carried  to  almost  any  extent.  The 
motion  commences  immediately  upon  the  injection  of  the 
liquid,  ft  derives  its  heat  from  four  gas  lamps,  of  the 
ordinary  size,  which  appear  to  be  quite  sufficient,  notwith- 
standing the  imperfection  of  the  arrangements.  I  have 
i^eneraily  made  use  of  ether*  It  stands  in  an  area  of 
38  4p 
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three  feet  by  two  feet,  which  is  the  space  that  would 
be  occupied  by  an  engine  of  about  ten-horse  power. 

^<  It  is  scarcely  necessary  for  me  to  point  out  to  those 
who  are  conversant  with  these  subjects,  the  advantages 
which  will  result  from  the  employment  of  the  vapoor 
engine,  particularly  in  navigation.  It  is  proper,  how* 
ever,  that  I  should  take  some  notice  of  them.  The  most 
apparent  are — the  very  small  consumption  of  fuel;  the 
absence  of  all  nuisance  from  smoke,  and  of  a  chimney 
flue,  when  lamps  are  made  use  of;  the  trifling  space  occu- 
pied by  the  quantity  of  oil,  or  other  material  necessary, 
even  for  the  longest  voyage,  compared  with  that  at  pre- 
sent  required  in  steam  vessels  for  the  stowage  of  coal;  the 
small  space  occupied  by*an  engine  of  the  greatest  power; 
its  perfect  safety,  portability,  and  moderate  expense  of 
construction.** 

It  is  now  four  years  since  Mr.  Howard  commenced  this 
undertaking,  during  which  time  he  has  persevered  with 
increasing  confidence  as  to  its  ultimate  success.  We  have 
seen  an  engine  recently  made  by  him,  which  may  be 
deemed  his  second  experimental  engine ;  it  is  worked  by 
the  vapour  of  alcohol,  and  is  formed  on  the  plan  of  a  boat 
engine,  with  two  short  cylinders  and  pistons,  calculated  to 
give  out  twenty-four  horse  power.  We  have  seen  it  in 
operation,  and  it  performs  very  regularly,  making  abont 
thirty-three  strokes  per  minute;  the  efiective  force  had 
not  then  been  determined. 

Bituminous  Vapour  Engine^  hyM.de  Montgery.  1826. 

It  appears,  by  the  Annales  de  Chimie,  wherein  this  in- 
vention was  first  mentioned,  that  it  had  been  actually 
constructed,  and  answered  the  purpose.  Of  the  last-men* 
tioned  fact,  strong  doubts  may  however  be  entertaioed, 
since  nothing  has  been  heard  of  it  for  the  last  three  yesr^ 
The  following  account  includes  all  the  information  af* 
forded  by  that  journal,  which  will  nevertheless  ftumith 
succeeding  experimentalists  with  an  outline  of  the  pi** 
adopted  by  M.  de  Montgery. 
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^^  This  engine  derives  its  power  from  the  vapour  of  pu* 
riBed  bitumen,  which  having  operated  upon  the  piston,  is 
conducted  to  the  furnace,  and  used  as  a  combustible  for 
the  production  of  fresh  vapour.  The  furnace  and  the 
principal  part  of  the  machinery  are  contained  within  the 
generating  apparatus,  which  has  a  double  case.  In  con- 
sequence of  this  arrangement,  it  is  added,  that  vapour 
of  a  high  degree  of  elasticity  is  obtained,  free  from  dan- 
ger, and  the  bulk  of  the  whole  machine  is  only  a  fiftieth 
part  of  a  steam  engine  of  equal  power." 

Gas-Power  EngtMy  by  Mr.  B.  Cheverton^  of  Bingdawtiy 

near  Bristol.  1826. 

*^  It  has  long  been  a  desideratum  in  practical  mechanics, 
(Mr.  Cheverton  observes),  to  possess  a  power  engine 
which  shall  be  ready  for  use  at  any  time,  capable  of  being 
put  in  motion  without  any  extra  consumption  of  means, 
and  without  a  loss  of  time  in  its  preparation.  These  qua- 
lities would  make  it  applicable  in  cases  where  but  a  small 
power  is  wanted,  and  only  occasionally  required.  They 
are  so  numerous,  and  the  consequent  saving  of  human 
strength  would  be  so  great,  that  the  advantages  accruing 
to  society  would  be  immense,  if  even  the  current  expense 
were  much  greater  than  that  of  steam.  Such  an  engine 
should  also  be  actuated  by  a  force  so  concentrated,  and 
so  compendiously  appropriated,  as  to  occupy  but  little 
space,  and  be  but  of  little  weight,  by  which  it  would  be- 
come applicable  to  locomotive  purposes.  If,  in  addition 
to  this,  the  consumption  of  materials  was  moderate,  we 
should  then  be  in  possession  of  a  mechanical  agent,  which 
would  enable  us  to  navigate  the  ocean  independently  of  the 
wind,  but  which  it  is  in  vain  to  expect  from  our  pre« 
sent  means.  It  is  well  known  that  the  common  steam 
engine  satisfies  none  of  these  conditions.  It  is  true  tfaait, 
on  the  high-pressure  principle,  the  important  requisite  ot 
gteat  power  in  a  little  compass  is  obtained,  but  it  is  not 
.ess  true  that  the  saving  of  fuel  is  comparatively  trifling 
1  nave,  indeed,  been  long  of  opinion  that  little  of  this 
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effect  can  be  attributed  to  the  greater  elasticity  of  the 
steam,  and  that  it  arises  chiefly  from  accessory  circumstances. 

'^  I  was,  a  few  years  ago,  led  by  these  views  to  torn  my 
attention  to  the  gases,  haying  been  forcibly  struck  with 
the  prodigious  piessure  under  which  they  are  capable 
of  being  generated.     Gunpowder,  the  fulininatin|^  pow- 
ders generally,  but  especially  that  remarkable  fluid,  azo- 
tane,  are  examples  in  point.     For  mechanical  purposes, 
a  gradual  production  of  gas  is  of  course  to  be  adopted. 
The  e  olution  of  carbonic  acid  gas,  by. the  action  of  sul- 
phuric acid  on  the  carbonates,  was  an  obvious  case.    On 
making  the  necessary  calculations,  this,  with  many  other 
means,  were  found  too  expensive,  because  the  scheme  em- 
braced this  principle — an  expenditure  of  the  gas.    It  be- 
came necessary,  therefore,  to  take  into  consideration  those 
substances  which,  after  assuming  the  gaseous  form,  could 
be  fixed  again  in  the  fluid  state,  such  as  alcohol,  ether, 
turpentine,  &c.     These,  besides  boiling  at  a  low  tempe- 
rature, have  little  specific  caloric,  aind  their  vapours  little 
latent  heat.      Dr.  Cartwright's  much-neglected  engine 
was  recollected,  but  the  waste  of  costly  articles  was  not, 
perhaps,  sufficiently  guarded  against.  The  idea  of  a  liquid 
body,  as  oil,  intervening  between  the  piston  and  the  va- 
pour, naturally  suggested  itself.     This,  however,  is  not 
altogether  itew,  for  it  was  acted  upon  in  the  old  atmo- 
spheric steam  engines;  but  the  circumstances  of  the  case 
require  a  modification  of  the  plan,  since  the  object  is  not 
so  much  to  cut  off  the  communication  between  it  and  the 
external  air.     For  this  purpose,  the  whole  cylinder  must 
be  filled  with  oil. 

^^  I  have  no  doubt  that  a  good  engine  may  be  con- 
structed on  this  plan,  but  it  did  not  fully  meet  my  vieirs; 
it  was,  therefore,  with  no  little  pleasure,  that  I  read  the 
paper  laid  before  the  Royal  Society,  containing  an  ac- 
count of  the  experiments  made  by  Sir  Humphrejr  Davf 
and  Mr.  Faraday,  in  which  the  condensation  of  several  of 
the  gases  into  liquids  wa^  effected,  at  a  temperatuieana 
under  a  pressure  within  practical  limits,  proving  thereby 
that  some  of  those  gases  to  which  my  attention  had  been 
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directed  on  the  principle  of  their  expenditure,  could  be 
re'produced  in  the  fluid  form,  and  ttsed  again  in  ttae  same 
way  as  alcohol  and  ether.  It  immediately  (vcurred  tu 
me,  as  a  me  qua  turn  condition  of  an  engine  working  with 
such  materials,  that  there  be  no  moving  joint  to  which  the 
gas  can  have  access ;  in  short,  there  must  not  be  a  possi- 
bility of  its  escape,  and  that  the  simplest  and  most  ob- 
vious means  of  satisfying  this  condition,  was  to  make  tbe 
same  vessel  alternately  a  boiler  and  a  condenser.  Further 
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consideration  confirmed  me  in  the  idea  of  the  practica- 
bility of  this  plan,  since  the  difference  of  temperatare  re- 
qnired  to  produce  a  great  difference  in  the  elastic  form  of 
the  gas,  is  but  a  few  degrees,  when  the  minimum  elasticity 
is  already  considerable*  The  project  of  an  engine,  as  re- 
presented in  the  figure  prefixed,  was  therefore  sobstan- 
tially  completed;  it  remained  only  to  adopt  a  mode  of 
alternately  heating  and  cooling  the  liquid  employed.  Se- 
veral plans  suggested  themselves,  but  I  prefer,  for  its 
simplicity,  its  certainty,  and  the  ease  with  which  it  can  be 
regulated,  the  method  which  will  be  immediately  ex- 
plained. 

''  Description    of  the  Engine. — The  figure   presents  a 
vertical  section,  with  this  remark,  that  as  all  the  vessels 
have  a  circular  form,   a  horizontal  section   becomes  un- 
necessary.    It  is  proper  to  observe,  that  the  disposition  of 
the  parts  as  represented,  has  been  adopted  solely  for  the 
purpose  of  bringing  the  whole  into  one  view.     The  engine 
consists  of  a  duplication  of  parts,  viz. — a  a,  two  refrigera- 
tors containing  cold  water ;    b  fr,  calorators  containing  hot 
oil ;  c  c  alternators  lined  with  wood,  and  filled  alternately 
with  the  hot  and  cold  medium,    d  d^  generators,  consbt- 
ing  of  a  cylindrical  assemblage  of  capillary  copper  tobesi 
about  half  filled,  at  the  minimum  pressure,  with  the  car- 
bonic acid,  or  other  liquid  employed — they  communicate 
with  the  upper  end  of  e  e^  strong  copper  gasometerSj  lined 
with  wood,  nearly  full  of  oil,  at  the  minimum  elasticity  of 
the  gas,  but  which,   at  its  maximum,   expels  nearly  the 
whole  of  it  into  the  cylinder,  h,  in  which  works  t,  the  pis- 
ton.   /  /,  solid  wooden  .plungers,    n  n,  pipes  for  a  constant 
supply  of  cold  water,    o  o,  pipes  through  which  gas  is  in 
the  first  instance  introduced,  and  oil  occasionally  injected, 
in  order  to  supply  the  waste  at  the  piston  rod — they  are 
closed  in  a  particular  manner,  p  j>,  boards  floating  on  the 

oil;  ( ),  level  of  the  water  and  of  the  oil;  ( ")» 

level  of  the  separation  between  the  water  and  the  oil. 

**  Action  of  the  Engine. — One  of  the  gasometers  bemg 
nearly  full  of  oil,  and  the  generator  attached  to  iU  vi»i 
the  liquid  contained  therein,  being  reduced  to  the  \o^^^ 
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temperatare,  the  elasticity  of  the  g^as  is  then  at  its  mini 
mum ;  but  which  will  at  all  times  be  very  considerable, 
especially  if  the  carbonic  acid,  or  the  nitrous  oxide,  be 
the  liquids  employed ;  a  flood  of  hot  oil  suddenly  descends 
upon  and  surrounds  the  generator ;  instantly,  an  evolution 
of  gas  takes  place,  and  continues  till  its  density,  and  con* 
sequent  elasticity,  produce  the  pressure  under  which  the 
liquid  ceases  to  boil  at  the  temperature  to  which  it  has 
attained.  This  increase  in  the  elastic  force  of  the  gas  will 
be  in  some  proportion  to  the  elevation  of  temperature, 
but  differs,  not  only  with  the  different  liquids  employed, 
but  with  the  same  liquid,  according  to  the  prior  pressure 
under  which  it  was  placed.  Meanwhile,  the  gas,  pressing 
on  the  oil  in  the  gasometer,  causes  it  to  rush  into  the  cylin- 
der, carrying  with  it  the  piston  that  works  therein  to  the 
farther  extremity.  The  duplication  of  the  apparatus  pro- 
duces the  return  stroke,  and  thus  a  movement  is  kept  up. 
But  to  effect  the  re-action,  the  elasticity  of  the  gas,  which 
now  occupies  nearly  the  whole  of  the  gasometer,  must  be 
reduced.  For  this  purpose,  the  generator  is  flooded  with 
cold  water,  which  rises  from  below,  bearing  up  the  hot 
oil  on  its  surface,  to  the  place  from  which  it  descended. 
The  temperature  of  the  generator  and  its  liquid  falls,  the 
gas  condenses  rapidly  on  its  extensive  surface,  its  density 
as  rapidly  diminishes,  it  returns  to  its  first  elasticity,  and 
the  oil  regains  its  former  level  in  the  gasometer.  Again 
the  water  sinks,  and  the  hot  oil  descends,  and  thus  the 
same  vessel  becomes  alternately  a  boiler  and  a  condenser; 
in  one  case  generating  a  gas,  in  the  other  a  liquid.  To 
force  up  the  hot  oil  from  the  alternator  into  the  calorator, 
in  which  it  is  heated,  a  plunger  is  immersed  in  the  column 
of  cold  water  contained  in  the  refrigerator  ;  this  raises  its 
level,  and  consequently  the  level  of  the  column  of  water 
and  oil  with  which  it  is  in  equilibrio.  There  is  not  the 
friction,  concussion,  or  elaborate  workmanship,  which 
would  attend  a  piston  employed  for  this  purpose.  The 
specific  gravity  of  the  oil  being  less  th^**  that  of  water 
there  will,  of  course,  be  a  difference  and  a  varying  differ- 
ence m  the  altitude  of  the  two  columns,  when  in  equili- 
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brio^  according  to  the   well-knowQ  hydrostatic   principles, 
but  this  is  of  no  consequence*    The  plunger  must  be  so 
proportioned,  and  immersed  so  deep,  as  to  displace  a  body 
of  water  equal  in  volume  to  that  of  the  oil  clevatedp  be- 
sides what  is   required   for   the  raising  of  its  own  level. 
Now  it  is  obvious  that  here  is  an  opportunity  to  regulate 
the  power  of  the  engine  ;  for  the  less  the  plunger  is  raised, 
the  less  is  the  descent  of  the  hot  oil,  and  consequently  less 
of  the  liquid  is  exposed  to  its  inBuence ;  a  governor,  there- 
fore, would  be  very  properly  applied  to  the  movements  of 
the  plungers.     If  a  greater  power  be  required   than  when 
the  governor  is  at  the  extreme  limit  of  its   influence,  that 
is,  when  the  generator  is  entirely  surrounded  with  hot  oil; 
it  may  be  produced  by  bringing  the  lamps  nearer  to  tbe 
calorator,    or  by  lighting  a  greater  number  of  them.    If 
however  the  same  velocity  of  action  be  not  required  to  be 
maintained,  the  engine,  possessing  in  itself  a  source  of  self- 
regulation,   will  increase   in  energy  for  the  occasion;   be- 
cause the  slowness  of  the  strokes  allowing   a  longer  time 
for  the  heating  of  the  liquid,'  its  temperature  will  be  raised 
to  more  than  the  ordinary  degree,  for  this  must  be  always 
less   than   that  of  the  hot  oil.     The  extent  to  which  this 
enlargement  of  the  power  may  be  carried,  and  the  facility 
with  which  it  may  be  efi^ected,  is  of  great  importance  with 
respect   to   navigation,   and   will    be  duly   appreciated  by 
those  conversant  with  the  subject.     The  limits  of  this  ex- 
tension, and  the  safety  of  the  engine,  are  points  which  will 
be   discussed   hereafter.     It  should  be  observed  that  tbe 
action  of  the  plungers  must  be  a  little  in  advance  of  that 
of  the   piston,  in  order  to  give  time  for  the  heating  ana 
cooling  of  the  metal  of  the  generator. 

**  Remarks. — ^There  is  this  peculiarity  in  the  engine,  tbat 
it  has  neither  valves,  cocks,  nor  pumps,  nor  any  moving 
joint,  except  that  of  the  piston  and  its  rod ;  hence  its  sim- 
plicity, and  consequently  the  cheapness  with  which  it  niay 
be  constructed.  The  room  which  an  eighty- horse  power 
engine  would  occupy,  would  not  probably  be  more  than  a 
cubical  space  of  seven  feet  dimensions,  so  far  as  the  eyiiD' 
der  and  its  appendages  are  concerned.     It  would  be  qm  ^ 
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practicable  to  attach  a  guage  to  the  engine,  by  which  the 
pressure  of  the  gas  may  be  ascertained ;  and  means  aire 
devised  by  the  use  of  which  the  height  of  the  liquid  in  the 
generator  may  be  known*  The  introduction  of  the  car* 
bonic  acid  or  other  liquid  employed,  should  be  in  the  form 
of  ga^  For  this  purpose,  the  generator  must  be,  brought 
to  a  lower  temperature  than  the  gasometer,  which  will 
occasion  the  greater  part  to  condense  therein  ;  that  which 
may  form  in  the  gasometer  will  distil  over,  after  the  appa- 
ratus for  producing  the  gas  is  removed.  It  is  also  for  this 
reason,  that  there  is  no  fear  that  an  accumulation  of  the 
liquid  will  take  place  in  that  vessel  during  the  working 
of  the  engine.  To  prevent  condensation,  however,  in  any 
hurtful  degree,  its  interior  is  lined  with  wood,  and  a  board 
floats  on  the  surface  of  the  oil.  Another  plan  would  be, 
to  maintain  the  gasometer  at  the  higher  temperatilfe  to 
which  the  liquid  is  raised;  but  this  is  by  no  means  advisa- 
ble, if  it  can  be  avoided.  The  board  is  also  of  important 
use,  in  preventing  the  absorption  of  gas  by  the  oil,  during 
the  greater  pressure ;  which  being  evolved  at  the  time  of 
the  collapse,  would  prove  injurious,  by  diminishing  the 
difference  between  the  elastic  forces.  Oil  is  selected  as 
the  heating  medium,  because  it  is  lighter  than  water,  and 
has  its  boiling  point  so  much  higher.  It  is  probable, 
however,  that  two  hundred  and  twelve  degrees  is  a  tem- 
perature sufficiently  superior  to  that  to  which  the  liquid 
will  require  to  be  raised,  and  such  as  will  produce  its 
almost  instantaneous  heating;  if  so,  hot  and  cold  water 
may  be  employed.  From  the  relative  position  of  the  two 
mediums,  little  communication  of  heat  can  take  place. 
The  alternator  is  internally  lined  with  wood,  partly  to 
prevent  a  loss  of  heat,  but  principally  to  preserve,  as  much 
as  possible,  the  coldness  of  the  water.  In  a  locomotive  en- 
gine, the  water  could  only  be  occasionally  changed ;  in 
the  intervals  a  cooling  process  may  be  at  work,  and  the 
plungers  would  perform  the  office  of  a  pump.** 
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CrOB  Motive  Engine^  by  lAeut.'CoL  Torren$^  of  Croydon,  1830. 

This  is  another  very  recently  invented  apparatus  for 
obtaining  power  and  motion,  from  the  expansion  of  liquids 
obtained  Ifirom  condensed  gases.    The  inventor  observes, 
in  his  specification,  that  the  chief  difficulty  which  Mr. 
Brunei  and  others  have  met  with,  in  constructing  appara- 
tus  for  obtaining  power  on  this  principle,  was  to  construct 
vessels  of  sufficient  compactness  and  strength,  to  prevent 
the  escape  of  the  gas,  and  at  the  same  time  to  permit  the 
motion  of  pistons,  &c.   The  liquid  of  sulphureUed  hydro- 
gen, at  fifty  degrees,  has  been  found  to  produce  a  vapour 
which  exerts  a  pressure  of  seventeen  atmospheres.    Fluid 
carbonic  acid,  atthirty^two  degrees,  produces  rapour  ex^ 
ertijig  a  force  of  thirty-six  atmospheres.    Nitrons  oxide 
liquid,  at  forty-five  degrees,  produces  vapour  of  fifty  at- 
mospheres* pressure ;  the  vapour  of  ammonia,  at  fifty  de- 
grees, 65.  atmospheres ;  muriatic  acid,  at  fifty  degrees,  40 
atmospheres,  and  chlorine,  at  sixty  degrees,  40  atmospheres. 
To  resist  such  pressures,  of  course,  very  strong  f^essels, 
and  compact  materials,  are  essentially  necessary,  to  prevent 
the  escape  of  the  subtle  yapour. 

Colonel  Torrens*8  plan  for  this  purpose  consists  of  the 
following  arrangement.    On  a  furiftice  is  placed  a  strong 
vessel  or  boiler,  which  is  partly  filled  with  the  condensed 
liquid  of  the  condensed  acid,  and  partly  by  the  vapour 
arising  therefrom.     This  boiler  he  surrounds  with  oil,  (or 
other  suitable  matter),  contained  in  an  exterior  vessel, 
serving  as  a  medium  to  convey  the  heat,  and  assisting  in 
preventing  the  escape  of  the  vapour.  The  working  cylin- 
der and  piston  are  in  like  manner  surrounded  by  another 
exterior  vessel,  containing  oil  under  great  prenure,  and 
it  is  connected  with  the  boiler  and  the  condenser  by  pas- 
sages and  valves,  similar  to  those  used  in  steam  engines, 
l^lie  condenser  id  surrounded  by  cold  water,  which  liquifies 
the  vapour  after  it  has  passed  through  the  working  cylin- 
der, whence  it  is  forced  by  a  pump  back  into  the  boiler. 
The  gas  in  the  upper  part  of  the  boiler  is  forced  throngh 
a  pipe,  into  the  working  cylinder,  on  the  alternate  sides 
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of  the  piston,  by  tbeectioii  of  a  powerful  pump,  od  Bra- 
mah's  principle. 

As  the  diffefence  of  heat  between  sunshine  and  shade,  is, 
(inder  some  circunatances,  sufficient  to  work  an  engine  of 
this  kind,  a  Jumoee  as  before  mentiened,  in  the  ordinary 
conception  of  that  term,  is  not  required,  but  any  convenient 
means  of  connuunicating  a  slight  increase  of  temperature. 

Po/CAf  Air  Bugint^  fry  R.aadJ.  StirHng^  <^GUugow.  1827. 

Messrs.  Stirling's  machine  resembles  the  steam  engine 
in  the  construction  and  application  of  many  of  its  parts, 
such  as  the  cylinder  and  piston,  the  reciprocating  beam 
and  parallel  motion,  and  the  fly-wheel  and  crank,  as 
represented  in  Fig.  1.     Motion  is  communicated  to  the 


piston  in  the  cylinder,  a,  by  aH«m«lety  iheatii^  a  portion 
of  air  connected  with  one  side  of  the  piston,  and  at  the 
same  %uBe  cooling  that  in  connexion  with  the  oAer.  And 
this  is  eActed  by  means  of  the  air  vessels  a  a,  one  of 
which  communicates  with  the  upper  part,  and  the  other 
with  the  lower  part  of  the  cylinider,  through  the  ooslea 
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m  m,  the  pipe  »  forming  the  commuDieaUoo  betweea  om 
of  tlie  noslea  m,  and  the  top  of  the  cylinder.  Fig.  2,  re- 
presents a  section  of  one  of  the  air  vessels^  whose  sides  are 
cylindrical,  and  top  and  bottom  spherical.  This  airvenei, 
which  is  made  of  cast  iron,  and  supported  in  the  brick 
work  by  the  projecting  ledge  //,  is  furnished  with  a  plaager, 
cCc.  The  top  and  bottom  of  theplongeria  madeofBtroag 
sheet  iron,  perforated  with  very  numerous  small  holes,  to 
admit  the  air.  The  interior  of  the  plunger  is  filled  witb 
very  thin  pjates  of  sheet  iron,  so  bent  as  lo  prevent  their 
flat  sides  from  coming  into  contact,  that  the  air  may  ba?e 
a  free  passage  between  them*  These  are  also  perforated 
witfi'small  holes,  which  holes  are  placed  opposite  to  eacli 
other,  but  so  arranged  as  to  cause  the  air  to  pass  through 
the  plunjrer  in  a  zig-zag  direction.  The  patentees  stale, 
that  theinteriorof  the  plunger  may  be  filled  np  witb  pieces 
«f  brick,  gravel,  -or  other  granulated  substance,  instead  of 


PAT£N(r  AIR  BNQINB.  66B 

the  tbincAeet-iron.  The  plunger  is  formed  circular,  to  fit 
the  top  and:  bottom  of  the  air  vessel,  when  drawn  up  and 
down.  The  rim  cc  of  the  plunger,  which  moves  in  a 
cylindrical  receptacle  at  the  circumference  of  the  air  ves- 
sel, as  represented,  is  not  perforated  as  the  other  part.  It 
is  kept  steady  by  the  spring  u  u^  consisting  of  a  belt  of 
thin  sheet-iron,. attached  at  its  upper  edge  to  the  rim  cc; 
a  number  of  slits.are  made  from  the  lower  edge  of  the  belt,, 
to  admit  of  its  being  bent  outwards,  to  rest  against  the  air 
vessel,  and  act  as  a  spring.  The  plunger  is  also  kept 
steady  in  its  ascent  and  descent,  by  the  plunger-rod  d,  pass- 
ing through  the  stuiBng-box  at  the  top  of  its  case,  and  the 
guide  rods  gg,  which  work  in  the  guide  cases  tt,  figs.  I, 
9nd  2.  The  guides  are  fixed  to  a  ring  A  A,  which  is  at- 
tached to  the  plunger  and  the  plunger-rod,  by  the  arms/y^ 
four  in  number ;  they  are  supplied  with  oil,  by  an  oil  cup 
and  stop-cock  at  the  top  of  their  cases.  The  top  e  ^  of 
the  air  vessel  is  flanged  down  in  the  manner  represented 
at  ky  with  a  thin  ring  of  sheet  lead  between  the  flanges,  to 
keep  the  joining  air-tight. 

The  lower  part  of  the  air  vessels  is  heated  by  a  fire- 
place under  it,  and  its  upper  part  kept  cool  by  a  current 
of  cold  air,  by  water,  or  by  other  means. 

The  pluno;er-rods  of  the  air  vessels  aa^  fig.  1,  are  at* 
tached  by  slings  to  the  ends  of  the  beam  v,  so  that  the  mo* 
tion  which  elevates  one  plunger  in  one  of  the  vessels  de- 
presses that  in  the  other. 

When  the  plunger  is  raised,  the  cold  air  in  the  upper 
part  of  the  air  vessel  will,  be  heated  in  passing  through 
the  interstices  of  the  plunger  in  its  ascent,  which  has  itself 
been  heated  on  reaching  the  lower  or  hot  part  of  the  ves- 
sel, and  during  this  time  the  air  in  the  other  vessel  will 
be  cooled,  by  passing  through  the  interstices  of  the  plunger 
in  its  descent,  which  has  itself  been  cooled  by  reaching  the 
upper  or  cold  part;pf .  the  vessel.  These  changes  of  tem-, 
perature  are  further  augmented,  by  portions  of  the  air 
ibe^i)g,)Eilternateily  changed,  from  the  hot  to  the  cold,  and 
from  the  cold  to  the  hot  parts  of  the  vessels,  by  the  alter- 
nate.occupation  of  the  hot  and  cold  parts  by  the  plunger.  , 
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Now,  as  one  of  the  air  vesBiels  is  connected  with  the  top, 
and  the  other  with  the  bottom  of  the  wwrking;  cylinder  o, 
there  will  be  a  motion  produced  on  the  piston,  by  the  ai« 
ternate  application  of  the  expansive  force  of  heated  air, 
and  this  motion  is  communicated  to  the  beam  Vy  throag;h 
the  piston  rod  and  parallel  motion  g,  and  to  the  connect- 
ing: rod  at  the  other  end  of  the  beam,  and  the  crank  r,  to 
the  fly-wheel  s  s.  On  the  axis  of  the  fly-wheel  is  fixed  an 
eccentric  f,  which  communicates  motion  to  the  plungers  in 
the  air-vessels,  through  the  system  of  levers  I9  S,  3, 4,  and 
the  beam  v;  and  this  motion  is  adjusted  ^o  that  the  chan^ 
of  the  plun<|[ers  shall  be  eflected,  whenever  the  piston 
reaches  the  top  or  bottom  of  the  cylinder;  thus  applying 
to  that  end  of  the  cylinder  where  the  piston  is,  the  hot 
air,  which,  by  its  increased  elasticity,  Will  drive  the  piston 
to  the  other  end. 

The  diameter  of  the  nosles,  m,  is  one*»fi(lh  the  dia« 
meter  of  the  cylinder  0,  and  one-frfteenth  of  the  diameter 
of  the  air  vessc^l  a. 

This  engine  is  also  furnished  with  an  air-pump,  the  pis- 
ton rod  of  which  is  shewn  at  x,  for  condensing  air  into  the 
air  reservoir  tc;  w.  The  air  is  pennitted  to  pass  through 
self-acting  valves  into  the  nosles  m  m,  and  tlience  into 
the  cylinder  o,  or  the  air  vessels  a  a,  but  not  permitted  to 
return  from  these  vessels  or  the  cylinder  into  the  reser- 
voir, which  is  also  provided  with  a  safety-valve  for  the 
escape  of  superfluous  air,  when  more  is  pumped  in  than  is 
necessary  to  supply  the  air  vessels.  The  diameter  and 
length  of  the  stroke  of  the  air-pump  are  half  those  of  the 
cylinder,  but  this  appendage  is  not  required  to  be  kept 
constantly  at  work. 

The  patentees  state,  in  their  specification,  that  any  of 
the  permanent  gases  may  be  employed,  instead  of  atmos- 
pheric air.  They  do  not  claim,  as  their  invention,  the  ap- 
plication of  these  bodies  to  produce  motion ;  but  merely 
the  foregoing  arrangement  of  machinery,  for  applying  the 
elastic  force  of  gaseous  bodies  to  the  production  6t  mlMioB 
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Patent  Air  Engine^  by  Messrs.  Parkinson  and  Crossley^  of 

the  City  Road^  London.  1828. 

This  invention  is  another  modifteation  of  machinery  for 
rendering  available  to  useful  purposes  the  elastic  force  of 
air,  in  the  construction  of  a  motive  engine.  We  have 
seen  two  models  of  these  atr  engines  at  iirork,  in  which 
two  distinct  arrangements  of  the  apparatus  are  introduced. 
The  operations  of  heating  and .  cooling  the  air  are  per- 
formed ^o  rapidly  by  them,  as  to  cause  one  hundred  and 
fifty  strokes  of  the  piston  in  a  single  engine  to  be  made 
per  minute.  The  patentees  not  having  yet  completed 
their  experiments  on  the  large  scale,  we  shall  at  present 
confine  our  attention  to  the  specification  of  their  patent 
lately  enrolled,  from  which  we  make  the  following 
abridged  extracts. 

The  power  of  this  engine  is  derived  from  the  heating 
and  cooling  of  air,  in  an  air-tight  vessel,  which  the  paten- 
tees term  a  differential  vessel;  a  portion  of  this  vessel 
being  exposed  to  heat,  and  another  to  cold,  externally. 
Inside  the  differential  vessel  is  placed  another  of  a  similar 
figure, called  a  transferrer;  this  being  moved  from  the  hot 
to  the  cold  parts  of  the  differential  vessel,  and  from  the 
cold  to  the  hot,  alternately,  transfers  the  air,  and  subjects 
it  to  the  variations  of  temperature,  as  it  passes  along  the 
internal  surface  of  the  differential  vessel;  and  thus,  by 
the  expansion  and  contraction  of  the  air,  produeeB  force 
for  giving  motion  to  machinery.  The  patentees  do  not 
claim  to  be  the  first  discoverers  of  obtaining  power  by  Ae 
alternate  contraction  and  expansion  of  the  air,  by  the 
processes  of  .heating  and  cooling,  but  in  the  peeultarity  of 
their  method  of  effecting  it*  One  of  the  most  approved 
forms  for  this  purpose  we  shall  now  proceed  to  describe, 
with  reference  to  the  accompanying  drawings,  figs.  1  and  2, 
which  are  upon  a  scale  of  two-thirds  of  an  inch  to  the 
foot.  Fig.  1,  shows  a  front  elevation  of  so  much  of  an 
engine  as  is  nece^ary  to  explain  the  invention ;  fig.  2,  is 
an  end  elevation ;  aad  fig.  3^  is  a  section  of  a  differential 
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(FIG.  1.) 


vessel  and  its  transrerrer,  exhibiting  also  a  mode  of »«'" 
ing  and  cooling  the  differential  vessel.  The  same  letter* 
in  each  figure,  where  they  occur,  refer  to  the  same  parts. 
The  differential  vessel,  a  a,  is  of  the  form  of  a  hoUotr 
cylinder,  with  close  convex  ends,  of  such  a  lenjt 
to  preserve  an  essential  difference  in  the  temperature 
tween  one  end  and  the  other,  and  nearly  one  halt  " 
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beiDg  subject  to  a  hot,  and  nearly  the  other  half  to  a  colt) 
medium.  The  vesxol  has  a  stuffing-box  at  the  end/,  and 
at  the  other  end  is  an  opening  of  pipe  /  nt,  or  /  n,  for  the 
purpose  of  forming  a  communication  with  the  working 
cylinder  and  piston.  The  transferrer  b  b,  is  in  this  in* 
stance  made  a  hollow  veaael,  air-tight,  and  so,  much 
shorter,  as  to  leave  a  sufficient  space  in  the  differential 
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vessel  for  containing  a  volume  of  air,  which,  when  ex- 
panded by  heat,  and  passing  through  the  pipe  I  m  or  In, 
will  also  fill  the  working  cylinder,  and  force  the  piston 
from  one  end  of  it  to  the  other;  the  transferrer  is  also 
made,  only  so  much  less  in  diameter,  as  to  admit  of  its 
being  moved  freely  from  one  end  of  the  differential  vessel 
to  the  other.  To  one  end  of  the  transferrer  is  fixed  a 
rod  e,  passing  through  a  stuffing-box  /,  for  the  purpose 
of  moving  it  from  one  end  of  the  differential  vessel  to  the 
other,  thereby  causing  the  air  to  pass  in  a  thin  stratam 
against  its  hot  and  cold  parts,  alternately;  thus  producing 
the  force  or  power  to  be  employed  against  the  working 
piston.  The  rod  9,  (fig.  3,)  which  is  fixed  on  the  upper 
part  of  the  differential  vessel,  is  intended  to  guide  the 
transferrer  in  its  proper  direction,  by  means  of  a  tube, 
which  is  inserted  in  4he  upper  end  of  the  transferrer  for 
that  purpose,  the  lower  end  of  which  is  made  air-tight. 

A  differential  vessel,  constructed  on  this  plan,  may  be 
applied  to  the  purpose  of  working  a  single  engine,  acting 
only  on  one  side  of  the  working  piston,  after  the  manner 
of  the  well-known  steam  engines  called  single  or  atmo- 
spheric engines ;  but,  in  most  cases,  the  patentees  prefer 
the  use  of  their  differential  vessels,  as  pointed  out  in  the 
drawings  fig.  1  and  2,  directing  the  power  alternately  on 
each  side  of  the   working  piston,  after  the  manner  of 
double  steam  engines.    Motion  is  given  to  the  transferrer 
by  means  of  the  eccentric  o,  in  the  shaft  p,  being  connected 
with  the  beam  r,  which  beam  is  connected  to  the  rods  e, 
of  the  transferrers,  by  the  links  s  s.  The  working  cylinder 
n,  with  its  piston,  side-rods,  cranks,  shaft,  and  fly-wheel 
and  eccentric  motion,  are  the  same  as  those  commonly 
used  in  steam  engines,  and  therefore  require  no  particular 
deseription.    THe  pipe  I  m,  conmuniolites  the  differeatial 
vessel.  No.  1,  with  the  top  of  the  cylinder ;  and  the  pipe 
ffi,  communicates  the  differential  vessel,  No.  2,  with  the 
bottom  of  the  cylinder ;  the  operation  of  the  engine  will 
be  as  fdllows : — Supposing  the  eccentric  disconnected  from 
the  beam  r,  and  the  upper  parts  of  the  diflferential  vessels 
heated,  and  their  lower  parts  cold,  and  the  transferrers  of 
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the  two  differential  vessels  placed  by  hand  in  the  situa* 
tions  shewn  in  the  drawing,  and  Ihe  volume  of  air  occu* 
pying  the  hot  part  of  the  diiTerential  vessel  No.  2,  and 
being  increased  in  elasticity  in  proportion  to  its  tempera- 
ture, whilst  the  volume  of  air  in  the  differential  vessel 
No.  1,  is  occupying  the  ifoldest  part,  the  working  piston 
will  be  forced  upwards,  by  a  power  corresponding  with 
the  difference  of  elastic  force  of  the  &ir  in  the  two  diffe** 
rential  vessels;  and  when  the  working  piston  has  been 
forced  to  the  top,  the  situation  of  the  transferrers  should 
be  reversed  by  hand,  so  that  the  air  in  the  differential 
vessel  No.  1,  will  occupy  the  hot  part,  and  communicate 
its  force  to  the  upper  side  of  the  working  piston,  and 
thereby  produce  a  returning  stroke;  and  the  eccentric 
being  then  by  hand  re-connected  with  the  beams,  the  al- 
ternate expansion  and  contraction  of  the  air  in  the  two 
differential  vessels,  will  keep  the  engine  in  motion;  and 
thus,  by  working  the  transferrers  the  same  way  as  the  valves 
in  st^am  engines,  the  engine  may  be  either  put  in  motion 
or  stopped.  For  the  purpose  of  heating  the  vessels,  the 
patentees  prefer  the  employment  of  inflammable  gas,  as 
it  may  be  easily  procured  in  all  the  principal  towns  in  the 
kingdom;  and  by  using  compressed  gas  in  portable 
vessels,  the  engine  will  be  better  adapted  to  locomotive 
purposes.  As  the  street  mains  duripg  the  day-time,  al- 
though charged,  are  generally  charged  at  so  light  a  pres- 
sure that  the  supply  would  be  inadequate,  the  machine 
commonly  called  a  gas-meter  may  be  employed  as  a  ro- 
tary pump  for  obtaining  a  supply,  by  connecting  with  its 
axis  a  train  of  wheel- work,  with  a  spring  or  weight,  to  be 
wound  up  after  the  manner  of.  clocks  or  time-pieces, 
giving  to  the  meter  a  rotary  motion.  The  mechanism  of 
clocks  being  so  generally  understood,  it  is  unnecessary  to 
describe  it  here;  it  should,  kowever,  be  observed,  as  the 
axis  of  the  meter  is  below  the  surface  of  the  water  in  the 
meter,  one  end  of  it  should  always  project  through  a 
stuffing-box,  in  order  to  protect  the  mechanism  from  cor- 
rosion. The  Jnstrnment  called  a  gas^govemor  should  be 
added  to  the  meter,  for  the  purpose  of  correcting  any  irre* 
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gularity  in  the  flow  of  the  gas.  The  patentees  do  not 
claim  by  thid  patent  the  gas-meter  and  gas-govemor,  nor 
their  combination  with  clock-work,  but  that  combination 
of  the  gas-meter  with  clock-work,  or  with  the  gas-governor, 
for  the  obtaining  of  a  supply  of  gas  frotc  the  street 
mains,  which  is  made  up  by  them  with  parts  of  the  machi- 
nery of  their  engine,  subject  to  the  rights  of  the  patentee  of 
the  gaa-meter  and  gtas-governor.  The  use  of  gas  to  this  en- 
gine, and  the  application  of  the  means  described  forohtaio- 
ing  a  supply,  enable  the  patentees  to  furnish  a  compact 
power  engine,  not  requiring  the  constant  attendance  of  i 
Gre-man,  and  adapted  to  situations  where  sufficient  space 
could  not  be  appropriated  for  an  engine  requiring  a 
boiler  and  coal-house,  and  where  the  smoke  of  such  eD< 
gines  might  be  deemed  a  nuisance. 
(FIG.  3.) 


A  mode  of  applying  gas  for  heading  the  differential  rex 
set,  is  shewn  at  fig-S.    dd,  is  a  hollow  ring,  surr  — ''"" 


PATENT  AIR  ENOINE.  677 

the  differential  vessel,  and  communicating  with  the  tube 
by  which  the  gas  is  supplied ;  this  ring  is  perforated,  for 
the  emission  of  jets  of  gas  to  flow,  when  ignited,  all 
around,  and  against  the  differential  vessel,  or  nearly  so; 
c  c,  is  an  iron  casing  for  directing  the  heat  to  the  differen- 
tial vessel,  which  casing  is  open  at  the  bottom,  for  the  ad« 
mission  of  air,  having  also  an  opening  at  top,  to  serve  aa 
a  chimney  or  flue;  A,  is  an  outer  covering  of  polished 
metal,  of  about  two  or  three  inches  more  in  diameter  than 
the  casing  c  c,  for  the  purpose  of  lessening  the  radiation 
of  the  heat.  The  working  cylinder  A,  may  be  kept  hot 
by  means  of  a  current  of  heated  air  being  conducted  to 
it  from  the  flues  of  the  differential  vessels;  the  arrange^' 
ment  for  which  being  so  easily  understood,  it  is  purposely 
omitted  in  the  drawings.  In  fig.  3,  t  iy  represent  the  dif- 
ferential vessel,  as  placed  in  a  cistern  of  cold  water,  with 
a  constant  current  running  in  at  the  bottom,  te,  against  the 
differential  yessel,  a.nd  passing  off  at  the  top  t;.  In  situa- 
tions where  a  sufficient  quantity  of  water  cannot  be  ob- 
tained for  procuring  the  desired  effect  in  this  way,  other 
well-known  means  of  cooling  vessels  may  be  resorted  to* 
To  increase  the  power  of  the  engine,  it  is  proposed  to  in- 
crease the  density  of  the  air,  by  a  common  forcing-pump 
worked  by  the  engines,  and  connected  with  the  differential 
vessels ;  and  as  some  leakage  of  air  may  be  anticipated  at 
the  high  pressures,  the  addition  of  the  pump  is  necessary, 
and  may  be  connected  with  the  differential  vessel  by  the 
tube  J.  This  pump  should  be  provided  with  any  of  the 
well-known  means  of  adapting  the  length  of  the  stroke  to 
the  loss  of  air  by  leakage.  In  starting  the  engine,  this  pump 
may  be  disengaged  from  the  engine,  and  worked  by  hand, 
for  charging  the  differential  vessels  with  air  of  the  intended 
density.  A  safety-valve  should  be  connected  with  the 
differential  vessels,  and  adjusted  so  as  to  let  off  any  excess 
of  air  above  that  which  is  requised.  The  speed  or  power 
of  the  engine  may  be  regulated  by  increasing  or  diminish- 
ing the  supply  of  gas,  or  other  source  of  heat,  by  connect- 
ing a  governor  similar  to  that  used  in  steam  engines,  with 
a  valve  or  stop-cock  in  the  pipe  supplying  the  gas,  or  with 
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A  damper  in  a  flue,  or  with  valves  placed  in  the  pipes  2 « 
and  /  fi,  regulating  the  ingress  or  egress  of  the  rarified  air 
to  and  from  the  working  cylinder.  The  differential  ves- 
sels and  transferrers  may  be  constructed  upon  the  same 
principle  in  various  forms,  either  cylindrical,  cubical,  or 
spherical ;  and  they  may  be  placed  in  vertical,  inclined,  or 
horiKOtttal  positions.  The  patentees  mention  several  mo* 
difications  in  their  specification,  which  it  is  unnecesiary 
here  to  describe.  The  deviations  in  the  shape  will  of 
coarse  require  different  methods  of  applying  the  heat. 
The  patentees  do  not  confine  themselves  to  the  use  of  gas 
only,  as  the  source  of  heat ;  in  some  cases,  even  steam  may  be 
adopted  as  a  medium  of  communicating  caloric ;  but  a  pre- 
ference is  given  to  the  apparatus  particularly  described 
and  delineated  in  the  engravings.'* 

Design  for  an  Air  Engine^  by  Dr.  Amott.  1829. 

The  following  sketch  of  an  engine,  for  obtaining  the  ad- 
vantage of  all  the  expansive  force  of  heated  air,  as  well 
as  tk€^force  arising  from  the  semi^explosions  of  the  inflam- 
mable  gas  evolved  from  the  fuel,  is  extracted  from  Dr. 
Arnott's  Elements  of  Physics,  vol.  ii,  part  1,  treating  of 
light  and  heat,  lately  published. 
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^'  If/'  says  the  designer  of  this  ingenious  apparatus, 

^'  we  suppose  a  fire,  a,  to  be  placed  in  a  grate,  near  the 

I  bottom  of  a  close  cylinder  d  a,  and  the  cylinder  to  be  full 

of  fresh  air  recently  admitted ;  and  if  we  then  suppose  the 

loose  piston,  g  d^  to  be  pulled  upwards,  it  is  evident  that 

,  all  the  air  in  the  cylinder  above  the  piston  will  be  made 

t  to  pass  by  the  tube  e,  through  the  fire,  and  will  receive 

an  increased  elasticity,  tending  to  the  expansion  or  in- 

I  crease  of  volume  which  the  fire  is  capable  of  giving  it« 

J  If  there  were  only  the  single  vessel  d  a,  the  expansion 

might  be  so  strong  as  to  burst  it;  but  if  another  vessel, 

b  c,  of  equal  size,'  were  provided,  communicating  with  the 

first  through  the  passage  b^  and  containing  a  close-fitting 

piston  c/,  like  that  of  a  steam  engine,  the  expansion  of 

the  air  would  act  to  lift  the  said  pistdn,  and  by  means  of 

it  work  water-pumps,  or  do  any  other  service  which  a 

steam-engine  can  perform.     At  the  end  of  the  lifting 

stroke  of  the  piston  fc,  it  might  be  made  to  open  an 

escape- valve  for  the  hot  air,  placed  in  any  convenient  part 

of  the  apparatus,  and  to  cause  the  descent  of  the  blowing 

piston,  dj  to  expel  this,  while  a  new  supply  of  air  would 

enter  by  another  valve  into  the  cylinder  above  d.     The 

engine  would  then  be  ready  to  repeat  its  stroke  as  before, 

and  the  working  would  be  continuous*  as  in  a  steam 

engine.'* 
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SECTION    VI 


StBAM  BNOINB8. 

Undbr  this  head  we  include  descriptions  of  a  variety  of 
sleam  engines,  some  of  which  are  of  a  standard  construc- 
tion, and  are,  under  variousalight  modificationa,  extensively 
used.  A  second  portion  consists  of  such  sa  mipbt  bare 
been  included  in  Mr.  Galloway^s  work,  on  accoanl  of 
their  curious  construction  or  inatrinsic  merit ;  and  (he 
third,  embraces  Beveral  novel  inventioits,  that  have  be- 
come the  subject  of  patent  right,  since  the  conclusion  of 
the  preceding  history.  They  are  arranged  merely  in  the 
order  of  their  dates. 
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AMEIIICAN   dTEAH   WHEEL.  iS81 

The  above  cut  represents,  in  section,  the  construction  of 
a  steam-wheel,  invented  many  years  ago  in  America ;  it 
derives  its  power  from  the  tendency  of  light  fluids  to  as- 
cend, when  immersed  in  those  of  greater  specific  gravity. 

Fig.  1,  exhibits  a  wheel  divided  into  cells,  and  placed 
under  heated  mercury;  or  that  mixture  of  eight  parts 
bismuth,  five  lead,  and  three  tin,  which  is  fluid  at  the 
temperature  of  two  hundred  and  twelve  degrees,  or,  where 
waste  of  fuel  and  loss  of  speed  are  no  great  objects,  placed 
under  boiling  water.  Each  of  these  cells  is  connected^ 
by  any  appropriate  means,  with  a  steam  pipe,  so  that  each 
receives  the  steam,  when  at  the  bottom  ;  the  floating 
power  then  brings  the  other  cells  in  succession  to  be  filled 
with  steam,  and  the  wheel  is  then  put  into  full  action. 
Where  the  expansive  force  only  is  used,  the  steam  escapes 
from  the  top  of  the  trough  ;  but  if  this  be  connected  with 
a  condenser  and  air-pumps  as  usual,  the  full  power  will  be 
obtained  from  the  metallic  fluids.  Each  cubic  foot  of 
steam,  in  water,  will  give  about  sixty  pounds  of  powisl"^ 
in  the  metallic  mixture  about  six  hundred  pounds;  and 
the  velocity  with  which  this  supply  can  be  afforded,  and 
the  height  it  can  rise,  will  give  the  remaining  elements  for 
calculating  the  power  of  the  engine  As  the  steam  will 
expand  as  it  rises  up  in  the  buckets,  no  more  should  be 
allowed  to  enter,  than  will  fill  them,  when  at  the  top  of 
the  wheel.  The  metallic  mixture  is  subject  to  oxidation 
by  the  hot  water,  in  some  degree ;  but  it  may  be  easily 
restored  again,  by  melting  the  oxide  under  tallow. 

When  water  only  is  used,  the  whole  machine  may  be 
made  of  wood,  in  the  form  of  a  common  bucket  water- 
wheel  ;  a  steam  pipe  is  introduced  through  the  bottom  of 
the  trough,  just  under  the  side  of  the  wheel  where  the 
buckets  are  inverted,  when  they  become  filled  with  steam 
in  succession,  and  thus  a  stream  of  steam  effects  as  much, 
bulk  for  bulk,  as  a  stream  of  water. 

Fig.  3.  is  a  plan  for  admitting  the  steam  into  the  pjpes 

leading  to  the  cells;  6  is  a  hollow  axis,  communicating 

with  the  steam  pipe ;  a  is  one  of  the  eight  hollow  arras 

through  which  the  steam  passes  to  the  cells,    c  is  a  8tuf» 
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fing  box,  and  if  an  adjusting  plate,  with  elastic  packing. 
The  steam  tubes  are  of  course  covered  up  by  circular 
plates,  on  each  side  of  the  wheel,  to  obviate  the  resbtance 
p  through  (he  fluid.* 


Lloyd's  Portable  Steam  Engine.  1820. 

The  following  engraving  represents  a  very  compact  and 

effective  engine,  of  eight-horse  power,  which    has  been 

employed  in  many  of  the  public  works  about  London,  and 

recently  in  draining  at  the  East  London  Water  works. 

Flffl.  Fiff2. 


Fig.  1,  is  a  side  elevation,  and  fig.  2.  an  end  elevation ; 
the  letters  of  reference  apply  to  the  same  parts  in  each 
figure. 
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a  a,  are  the  connecting  rods;  &  the  pump-rod;  c  cold 
water  pump-rod;  (f  hot  water  pump-rod;  e  throttle  valve; 
//induction  and  eduction  valves;  g  piston  rod;  h  fly- 
wheel ;  it  crank  ;  /  eccentric,  on  the  wheel  to  which  the 
pump  rods  are  attached  when  the  engine  is  employed  in 
draining  ;  the  dotted  lines  shew  the  parallel  motion  at  the 
middle  and  bottom  of  the  stroke  ;  the  arrangement  of  the 
levers  is  judicious,  and  possesses  considerable  novelty. 

Portable  High-Pressure  Engine,  by  Alex.  Christie  and  Co. 

Sheffield.  1834. 

The  preftint  engine  we  have  selected  as  a  good  example 

of  an  effectiv!  and  compact  high-pressure  eDgine^  and  as 

(FIG.  1.) 


CHRISTIE  AND  CO.  S   PO(^TABt>■ 

(FIG.  2.) 


combining  nothing  in  its  arrangements,  but  what  exp^ 
rience  has  found  to  be  useful.  Improved  modifications  will 
without  doubt  be  made,  but  they  will  for  the  most  par' 
require  to  be  tried  by  long-continued  use»  before  they  can 
be  established  as  improvements.  This  engine  is  one  of 
great  simplicity^  and  is  manufactured  by  persons  of  sk'" 
and  experience  in  the  construction.  The  drawings  ire 
taken  from,  and  represent,  an  engine  in  Mr.  Burdekin  > 
anvil  manufactory,  at  Sheffield.  It  is  on  a  portable  pi'") 
and  is  calculated  at  only  two^horse  power,  though  it p^^ 
forms  tt  greater  quatility  of  work  than  that  estimate  de- 
notes. It  is  employed  in  working  three  pair  of  large  bel- 
lows, and   in  turning  an  enormous  grindstone,  used  f"* 
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grintling  the  faces  of  anvils.  The  cylinder  is  seven  inches 
in  diameter.  The  engine  is  worked  sixty-six  hours  per 
week,  and  consumes  one  ton  of  small  coal  or  culm,  (value 
on  the  spot  5s.  4d.)  and  one  thousand  two  hundred  gallons 
of  water  in  that  time. 

Reference  to  EngratHngs. — Fig.  1,  represents  a  side  ele- 
vation of  the  engine.  Fig.  S,  a  front  elevation  ;  and  fig. 
3,  a  view  of  the  boiler  and  furnace. 

a  is  the  furnace  door,  b  the  furnace  ;  c  the  ash-pit ;  d  the 
boiler;  e  the  stone  flout,  (shown  by  dotted  lines)  for  re- 
gulating the  supply  of  water  to  the  boiler ;  g  a  counter- 
balance to  the  float  ;ya  flue,  which  returns  the  flame 
and  heated  air  through  the  boiler  ;  A  the  steam  pipe,  in 
which  is  the  throttle  valve  i;  J  the  side  pipe,  in  which 
work  the  slide  valves  k  k,  moved  by  the  rod  /,  attached  ta 
the«ccentric  m,  in  the  shaft  of  the  fiy-wheel  n.  ooo  are 
brass  stufling  boxes ;  p  the  upper  steam  entrance  (o  the 
cylinder ;  ^  r  is  the  piston  rod,  working  through  the  bridge 
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9j  and  communicaiing  with  the  crank  ty  by  the  side  rods 
u  tf,  forming  a  very  simple  parallel  motion  ;  t;  v  pedestals, 
supporting  the  main  shaft,  the  revolution  of  which  gives 
motion  to  a  pair  of  bevel  wheels,  and  thereby  to  the  gover- 
nor w,  the  expanding  or  collapsing  of  the  arms  of  which, 
raises  or  depresses  the  collar  2,  and  acts  on  the  valve  t, 
through  the  medium  of  the  lever  1,  and  handle  2 ;  4  is  the 
pump  for  supplying  the  boiler,  through  a  feed  pipe  (not 
shown),  worked  by  the  rod  5,  and  eccentric  6 ;  7  7  are  the 
metal  cheeks  of  the  frame.  8  is  a  metal  foundation  plate, 
under  which  is  a  small  cistern  (not  shown),  containing  a 
day's  consumption  of  water  for  the  boiler.  At  the  bottom 
of  the  side  pipe,  is  an  eduction  pipe  (not  shown),  from 
which  the  steam  is  discharged  into  the  cistern,  to  heat  the 
water  for  supplying  the  boiler,  after  the  steam  has  per- 
formed its  office  in  the  cylinder.  The  periphery  of  the 
fly-wheel  is  round  in  its  transverse  section,  and  of  cast-iron; 
the  arms  or  radii  are  of  wrought-iron,  and  are  inserted 
into  the  former  while  casting.  From  the  foregoing,  ii 
will  be  needless  to  describe  the  operation  of  the  engine. 

Improvement  on  the  High-Pressure  Engine^  by  Mr.  J.  Pat- 
tisoHy  ofElswich  Colliery  ^  Newcastle-upon-Tyne.  1824. 

In  the  abovementioned  year,  Mr.  John  Pattison  intro- 
duced a  method  of  applying,  to  the  high-pressure  engine, 
the  plan  of  condensation  used  in  the  old  atnaospheric  en- 
gine, but  performed  in  a  vessel  distinct  from  the  cylinder; 
the  experiment  was  made  upon  the  pumping  engine  of 
the  Elswick  Colliery,  and  proved  eminently  successful;  a 
considerable  saving  in  fuel  being  effected,  and  the  pres- 
sure upon  the  boiler  being  greatly  reduced. 

Mr.  Pattison  had  been  extensively  employed  in  the 
erection  and  management  of  steam  engines,  as  they  are 
used  by  the  coal  trade  in  the  neighbourhood  of  Newcas- 
tle, where  the  Trevithick,  or  high-pressure  engine,  had 
been  introduced  at  several  of  the  collieries,  for  the  pur- 
poses of  pumping  water  and  drawing  coals.  Some  of  those 
engines  so  applied,  had  been  under  his  management  for 
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some  tiiiir.  (luring  which  it  fre<)uently  occurred  to  hiiii 
that,  instead  of  discharging  the  steam  into  the  atiu.>  - 
phere,  a  considerable  increase  of  power  might  be  gained, 
by  opening  the  discharging  valves  into  a  close  vessel,  and 
throwing  in  at  the  same  time  a  jet  of  cold  water,  so  as  to 
produce,  to  a  certain  extent,  a  vacuum,  which,  of  course, 
would  BO  far  assist  the  alternate  sides  of  the  piston,  and 
be  a  proportionate  real  increase  of  power.  The  difficulty 
of  getting  quit  of  the  air  generated  by  condensation, 
without  the  use  of  an  air-pump,  presented  itself  to  his 
mind;  but  some  experiments  which  he  made  on  what  is 
termed  high-pressure  steam,  together  with  his  obeerta- 
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lions  of  the  way  in  which  the  common  atmospheric  engine 
clears  the  cylinder  of  air,  confirmed  him  that  the  idea  was 
practicable,  and,  to  a  certain  extent,  beneficial.     With 
this  opinion,  he  mentioned  the  subject  to  his  employer, 
Mr.  Buddie,  who  thought  it  was  at  least   worth  trying; 
and  with  his  usual  liberality,  and  that  constant  encou- 
ragement which  he  always  afforded  to  the  improvemeat 
of  science,  requested  him  to  make  an  experiment  to  deter- 
mine its  real  merit,  on  the  pumping  engine  at  Elswick 
Colliery.    The  cylinder  of  this  engine  is  thirty-one  inches 
and  a  half  in  diameter,  the  piston  making  seven  eight-feet 
strokes  per  minute,  and  delivering,  at  each  stroke,  sixty- 
four  gallons,  from  a  depth  of  fifty-five  fathoms.  Previously 
to  making  this  experiment,  the  safety-valves  on  the  boiler 
were  loaded  at  34.7  pounds  per  inch,  and  the  boiler  con- 
suming sixty-nine  hundred  weight  of  coals  in  eight  hours 
and  a  half.  Mr.  Pattison,  after  having  completed  and  set  to 
work  the  condenser,  and  attached  a  pump  from  the  hot 
well,  to  feed  the  boiler  (the  engine  going  at  the  same 
rate,  and  performing  the  like  quantity  of  work  in  the 
same  time),  the  pressure  on  the  boiler  was  reduced  to 
twenty-seven  pounds  per  inch,  and   the  consumption  of 
coals  to  forty-one  and  a  half  hundred  weight,  in  the  eight 
hours  and  a  ftalf.     Nothing  could  be  more  satisfaclorj 
than  this  result,  and,  to  prove  the  nature  and  extent  of 
the  vacuum,  he  attached  a  mercurial  barometer  to  the 
condenser,  and  found  it  sustained  a  column  of  mercoi'v, 
upon  an  average,  of  fourteen  inches  in  altitude,  itsgreatr^t 
height  being  about  twenty-two  inches. 

Since  carrying  this  into  effect,  Mr.  Pattison  says  be  has 
attached  a  double  condenser  to  a  machine  for  drawing 
coals,  which  brings  to  bank  five  score  carves  or  baskets  m 
an  hour,  from  a  depth  of  sixty-six  fathoms,  drawing  two  at 
a  time.  The  result  of  this  is  equally  satisfactory  with  the 
other,  in  having  fully  as  much  lessened  the  pressure  p^^ 
inch  on  the  boilers,  and  considerably  diminished  the  con- 
sumption of  coals. 

The  prefixed  drawing  exhibits  a  single  condenser,  »8 
attached  to  a  pumping  engine. 
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Like  Mr.  Watt's  condenser,  this  one  requires  blowing 
through,  previously  to  starting;  but,  in  order  to  produce 
here  the  maximuni  effect,  the  injection  must  be  so  regu- 
lated as  not  to  cool  the  condenser  below  the  temperature 
at  which  the  shifting-valve  will  be  lifted,  once  every  dou- 
ble stroke.  In  the  pumping^engine  above-mentioned,  the 
quantity  of  cold  water  used  for  condensing  each  alternate 
stroke,  is  2.75  gallons,  from  a  jack-head  cistern,  twenty- 
two  feet  above  the  condenser.  The  upper  discharging- 
valve,  and  the  one  for  the  injection,  are  both  lifted  at  the 
same  time ;  but  the  bottom  discharging-valve  is  opened 
into  the  condenser,  a  little  before  the  injection,  which  ot 
course  lifts  the  shifting-valve,  expelling  the  air  previously 
contained,  at  the  same  instant  the  injection  is  thrown  in, 
when  a  vacuum  is  produced  of  not  less  than  twenty-two 
inches  of  mercury. 

It  will  easily  be  seen  that  the  injection  water,  together 
with  the  condensed  steam,  pass  down  the  sink  pipe,  and 
are  discharged  at  the  foot- valve  at  the  same  time  the  air 
is  expelled.  This  valve  is  kept  in  its  seat  by  a  weight 
and  lever,  which  are  nearly  equipoised,  and  which  readily 
admit  the  discharge  of  the  water  into  the  hot- well. 

Mr.  Pattison  observes,  that  it  may  be  objected  by  some, 
that  the  vacuum  is  not  constant  and  uniform ;  this,  indeed, 
must  necessarily  be  the  case,  from  the  manner  in  which 
the  air  is  expelled  from  the  condenser ;  but,  as  far  as  re- 
gards its  action  on  the  engine,  it  is  not  productive  of  the 
least  irregularity,  but,  on  the  contrary,  is  a  real  and  per- 
manent increase  of  power,  on  the  lowest  estimation,  of 
seven. pounds  per  inch,  and  that,  too,  without  the  draw- 
back of  any  additional  machinery^  beyond  raising  the  in- 
jection water  and  lifting  the  valve. 

Patent  Steam  Engines^  by  W.  Wigetany  of  Derby.  J  824. 

Two  cylinders  are  about  half  filled  with  fluid  metal,  ia 
which  float  two  heavy  cylindrical  plungers,  that  are  of 
rather  less  specific  gravity  than  the  fluid  metal.  Steam 
is  made  to  operate  alternately  on  the  fluid  metal  in  the 

30.  4^, 
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cyliaden,  raisini^  one  of  the  pluigen,  »mA  alivmtag  tim 
other  to  descend  simptjr.  by  the  foroc  of  iM  omi  weight; 
coDsequently,  tbe  powec  of  the  eogine  is  etjiial  to  the 
weight  of  one  of  the  plungers  added  to  the  diflerence  of 
specific  gravity  between  tbe  other  plunger  and  the  fluid 
metal  in  which  it  ia  inuMrsed.  The  following  descriptioa 
■8  extracted  frooi  the  specification  of  the  patent. 

Fig.  1,  upon  the  aqnexed  cut,  represents  a  aectiaa  ol 
(he  engine,  taken  through  the  middle,  to  explain  its  i>- 
temal  constrtetion.     Fig.  2,  is  a  horizontal  plan  of  tbe 


(FIG.  4.) 


(FIG.  3.) 


fFIG.  8.) 
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^n^^iite,  sapposing  the  coders  of  the  ▼ariou&  cylinders  aiiA 
l^ers  to  be  removed^  to  facilitate  the  explanation.  Tliia 
ertgine  is  furnished  with  tiro  separate  weights  or  plungers^ 
which  are  adap4ed  to  be  moved  up  and  down,  similar  to 
the  alternating  motion  of  a  double-acting  steam  engine. 

m  and  ^  fig.  1^  nsprescnt  two  cylinders,  or  cases  of  cast- 
iron,  which  communicate  freely  with  each  other  at  their 
lower  extremiticB,  in  the  manner  of  an  inverted  syphon ; 
the  upper  extremities  of  these  cylinders  baVe  flanges,  which 
are  bolted  to  the  under  side  of  a  nosle-piece,  c  d,  by  which 
means  the  upper  ends  of  the  two  cylinders  are  securely 
united  together.      The  nosle-piece  c  d,  has  cavities  or 
passages  formed  in  it,  for  the  admis^op  and  exit  of  steam 
to  and  from  the  cylinders ;  these  passages  form  a  right 
angle  in  the  nosle-piece,  and  terminate  in  oblong  slits  or 
openings  in  the  upper  surface  thereof,  as  represented  by 
the  dark  spaces  iit  the  plan  fig.  2,  where  the  opening 
marked  1,  is  shown  by  tlife  dotted  lines  to  communicate 
with  the  upper  part  of  tbe  cylinder  b;  while  the  opening 
marked  2  is  shewn  by  the  dotted  lines  S,  as  communica- 
ting with  the  upper  part  of  the  cylinder  a;  at  the  same 
time,  the  centre  or  middle  opening  marked  3,  passes  down- 
ward through  the  nosle-piece  c  d,  and  communicates,  by 
the;^ipe  c,  directly  with  the  atmoe[phere,  when  the  engine 
is  intended  to  be  worked  with  bigh  pressure ;  otherwise 
the  pipe  6,  may  serve  as  an  educti^Q  pipe  to  communicate 
with  the  condensing  apparatus,  such  as  is  generally  em- 
ployed in  steam  engines.     The  openings  1,  2, 3,  are  co- 
vered by  a  sliding-valve  5,  worked  by  a  rack  and  sector, 
the  spindle  of  the  latter  piissing  through  the  side  of  the 
steam-box/,  of  sufficient  dimensions  to  admit  of  the  elid- 
ing motion  within  it.     The  steam-box/,  which  is  bolted 
to  the  nosle-piece,  is  flirnished  with  a  lid,  secured  by 
screw  bolts,  for  the  convenience  of  gaining  att&m  to  the 
sliding-valve  and  apparatus  contained  in  the  interior  of 
the  box.     g  represents  the  steam  pipe,  which  conveys  the 
steam  from  the  boiler;  A  and  t  represent  two  met%Uic 
weights  or  plungers,  whicb  are  of  such  dimensions  a?  to 
leave  about  half  an  inch  space  entirely  round  within  the 
cylinders  a  and  fr;  but  the  rings,  or  hoops  represented  in 
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the  plungers,  fit  the  interior  of  the  cylinder  so  exactly, » 
merely  to  allow  of-  their  sliding  easily  up  and  down;  the 
plungers  have  rods  k  l^  fixed  to  them,  which  pass  through 
stuffing-boxes  m  n.  The  operation  of  the  engine  is  as 
follows : — 

Suppose  the  plungers  h  and  t  to  be  at  rest,  and  upon  a 
level  with  each  other  in  the  cylinders;  then  suppose  the 
curved  part  that  connects  the  two  cylinders,  as  well  as 
the  spaces  round  the  plungers,  to  be  filled  to  about  (he 
level  of  the  dotted  line  o  p,  with  any  fit  or  ponderous 
luetal,  which  is  kept  in  a  fluid  state  by  the  applieatioo  of 
heat  from  a  small  furnace.    In  this  situation,  we  will  sup* 
pose  the  steam-box  /,  to  be  supplied  with  steam,  from 
the  boiler,  and  the  sliding-valve  5,  to  be  in  such  a  posi- 
tion that  it  would  admit  the  steam  to  flow  freely  through 
the  passage  2,  before  mentioned,  into  the  upper  part  of  the 
cylindera ;  at  the  same  time  the  sliding-valve5,wouide8tab- 
lish  a  communication,  through  the  passage  1,  before  men- 
tioned, between  the  upper  part  of  the  cylinder  6,  and  the 
eduction  pipe  e ;  in  this  situation  the  steam  would  descend 
by  the  sides  of  the   plunger  A,  and   would  operate  upon 
the  surface  of  the  fluid  metal,  to  depress  it  in  the  cylinder 
a,  and  thereby  cause  a  corresponding  rise  of  the  fluid  me- 
tal  in  the  cylinder  6,  which  would  pass  round  the  plunger 
t,  and  destroy  the  equilibrium,  by  leaving  the  plunger  A, 
unsupported  by  the  fluid  metal ;  and,  at  the  same  time,  it 
would  float  or  buoy  up  the  plunger  t,  in  a  certain  degree* 
Thus  the  plunger  A,  would  be  caused  to  descend  with  a 
force  equal  to  its  own  gravity,  and  the  plunger  t,  would 
be  caused  to  ascend  in  the  cylinder  6,  with  a  power  equal 
to  the  diflerence  of  specific  gravity  which  might  exist  be- 
tween the  plunger  and  the  fluid  metal,  until  they  assumed 
the  position  shewn  in  fig.  1,  at  which  instant  the  sliding- 
valve  would  be  moved  by  its  connexion  with  the  engine 
in  the  usual  manner,  so  as  to  reverse  the  order  of  commu- 
nication between  the  steam  passages,  and  thus  admit  the 
steam  to  flow  from  the  steam-box  /,  into  the  upper  part 
of  the  cylinder  6;  and  at  the  same  time  to  establish  a 
communication  between  the  upper  part  of  the  cylinder  tf^ 
and  the  eduction  pipe  e\  in   this  state,  the  steam  would 
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etert  its  elastic  force  upon  the  surface  of  the  fluid  metal 
in  the  cylinder  by  and  cause  it  to  descend  and  rise  in  the 
cylinder  a^  leaving  the  plunger  t,  unsupported,  and  buoy- 
ing up  the  plunger  hi  by  which  means  the  plunger  t\ 
^vould  descend  by  its  own  gravity,  at  the  same  time  that 
tlie  plunger  A,  would  ascend^  the  steam  escaping  from  the 
upper  part  of  the  cylinder  a,  through  the  eduction  pipe  e; 
thus  a  continued  action  may  be  kept  up,  by  the  alternate 
ascent  and  descent  of  the  two  plungers,  which,  by  the  rods 
k  and  /  being  connected,  either  by  racks  upon  the  said 
rods  working  into  the  opposite  sides  of  the  periphery  of  a 
toothed  wheel,  as  shewn  by  the  dotted  circle  g,  in  fig.  I, 
or  by  the  rods  k  and  /  being  attached  to  separate  working 
beams,  furnished  with  connecting  rods  and  cranks,  in  the 
manner  practised  in  other  steam  engines. 

JVbfe.— If  the  eduction  pipe  e,  was  connected  with  the 
usual  condensing  apparatus,  the  engine  would  be  capable 
of  performing  its  work  with  steam  of  a  less  degree  of  pres- 
sure, since  the  atmospheric  pressure  would  always  be  re- 
moved from  the  surface  of  the  fluid  metal  in  that  cylinder 
in  which  it  was  rising. 

Fig.  3,  represents  an  engine  adapted  to  operate  with 
one  plunger  only,  producing  the  effect  of  a  single-acting 
steam  engine,  such  as  are  in  general  use  for  pumping  or 
raising  water,  a  a  is  the  internal  cylinder,  which  is  formed 
with  a  close  hemispherical  bottom  at  c,  and  is  cast  or 
otherwise  securely  connected  with  the  interior  cylinder 
b  b.  The  interior  cylinder  is  formed  open  at  bottom,  so 
as  to  communicate  freely  with  the  annular  space  c  c,  which 
is  left  between  the  two  cylinders ;  this  space  ought  to  be 
equal  in  area  to  that  of  the  cylinder  bb.  h  represents  the 
plunger,  of  such  dimensions  as  to  move  easily  up  and 
down  within  the  interior  cylinder,  as  described  in  the 
former  engine;  kj  the  plunger  rod,  sliding  through  a 
stuflSng-box  m.  /,  the  steam  box,  containing  the  sliding- 
valve  5,  for  distributing  the  steam,  worked  by  a  rack  and 
sector;  9,  the  steam  pipe,  proceeding  from  (he  boiler  to 
the  steam  box/.  The  passages  for  the  steam  are  shewn 
by  the  dark  parallelograms  in  the  plan  fig.  4,  where  the 
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opening  marked  I,  is  represented  by  the  dotted  passafel, 
as  communicating  with  the  upper  part  of  the  interior  cy- 
linder 6  by  and  the  opening  marked  9,  commaniiNiteB  with 
the  annular  space  e  €,  between  the  two  cylinden  before- 
mentioned;  this  passage  is  seen  more  distinctly  in  fig.  3, 
as  also  the  centre  passage  3,  which  communicates  directly 
with  the  exit  pipe  ty  and  condensing  apparatus.  When 
such  is  employed,  the  operation  of  this  engine  would  be 
as  follows : — 

Suppose  the  plunger  hy  to  be  in  the  position  represented 
by  fig.  S,  and  the  lower  part  of  the  cylinder  to  be  oecQ- 
pied  by  the  fluid  metal ;  the  sliding- valve  5,  being  in  suck 
a  position  that  the  steam  Would  float  freely  through  the 
passage  8,  into  the  annulai* 'Space  ee;  at  the  sametitne 
that  the  upper  part  of  the  Itfterior  cylinder  b  by  had  a  free 
communication  with  the  condensing  apparatus,  through 
the  eduction  pipe  e;  in  this  situation,  the  elastic  force  (A 
the  steam  would  operate  to  depress  the  surfhce  of  the 
fluid  metal  in  the  annular  space  e  e;  at  the  same  time  the 
atmospheric  pressure  beiitg  removed  fWmi  the  sitrface  «f 
the  fluid  metal  within  the  interior  cylinder  bbyk  woald 
be  caused  to  descend  in  the  annular  splice  e  €,  and  conse- 
quently to  rise  within  the  cylinder,  until  tke  weight  of 
the  column  of  fluid  metal  became  superior  to  the  weight 
of  the  plunger  ft;  in  which  case  the  pluHger,  with  its  rod 
ky  would  move  upwards,  and  carry  one  extrewiity  of  (be 
working  beam  of  the  engine  along  with  it,  so  bs  to  pre- 
pare the  pump,  which  is  supposed  to  be  at  the  opposite 
end  of  the  beam,  for  making  an  effective  stroke.    As  eoon 
as  the  plunger  ft,  arrives  at  the  top  of  the  cylinder,  the 
motion  of  the  sliding-valve  changes  the  drrection  of  the 
steam  passages,  causing  the  steam  to  enter  the  vpper  ptft 
of  the  cylinder  6  6,  at  the  same  time  a  communication  is 
opened  between  the  annular  space  e  e,  and  the  condensing 
apparatus,  in  which  sitiAition  the  sfeam  would  press  upoa 
the  surface  of  the  fluid  metal  in  the  cylinder  6  ft;  at  the 
same  time,  the  atmospheric  pressure  bei^g  removed  fro® 
the  surface  of  the  fluid  metal  in  the  annular  space  e  e,  the 
fluid  metal  would' be  caused  to  ascend  in  the  cylinder  ft  4 
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and  rise  within  the  said  annaiar  space^  thereby  leaving 
the  plunger  A,  unsupported,  which  would  then  descend 
by  its  own  gravity,  and  carry  the  end  of  the  worl&ing  beam 
along  with  it,  so  as  to  produce  an  effective  stroke  of  the 
pump,  and  be  capable  of  raising  a  column  of  water,  equal 
in-  weight  (upon  the  pump  bucket)  to  the  plunger.  Thus 
a  reciprocating  action  of  the  plunger  may  be  kept  up  as 
long  as  a  supply  of  steam  is  furnished  from  the  boiler. 
The  most  advantageous  method  of  keeping  the  metal  in  a 
fluid  state  is,  by  carrying  a  floe  round  the  lower  part  of 
the  cylinders  containing  the  metal,  this  flue  being  a  con- 
tinuation of  the  engine-boiler  flue,  by  which  means  any 
degree  of  heat  that  might  pass  off  from  the  boiler  flue  is 
advantageously  employed* 

It  will  be  observed,  that  there  is  almost  a  total  absence 
of  friction  in  the  cylinders  of  this  engine,  which  will,  pro- 
bably, render  it  serviceable  as  an  engine  of  small  power 
for  raising  water. 

Patent  Steam  Emgme^  by  the'Bev*  Moses  Isaacs^  of  Hounds^ 

ditchy  London,  1824. 

This  invention  consists  in  a  mode  of  working  a  steam* 
boat  engine  by  means  of  three  boilers,  in  such  a  manner 
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chat  the  steam,  after  operating  in  the  engine,  is  retamed 
uncondensed  into  the  boilers,  and  is  thus  worked  cod- 
tinually  over  again.  This  ingenious  arrangement  is  thin 
described  in  the  specification. 

^^abc  are  three  boilers,  b  being  placed  upon  ac;  d  is  a 
beam,  made  in  the  form  of  a  scale  beam,  ef  are  the  piston 
rods  (made  hollow)  with  rollers  at  the  top,  working  in  the 
gutter  or  groove  r  r ;  near  the  ends  of  the  beam  dj  cod- 
necting  rods,  s  Sy  are  suspended  to  the  same  beam,  whicb 
give  motion  to  the  machinery ;  y  z  are  two  cylinders,  pji 
are  feeding  pipes,  passing  from  the  boilers  a  b  into  the 
cylinder  y\  and  q  q  are  also  feeding  pipes,  passing  from 
the  boilers  c  b  into  the  cylinder  z.  This  method  of  coo- 
ducting  steam  is  applicable  to  large  vessels  on  water,  or 
to  engines  on  land ;  but  for  small  vessels  it  is  advisable  to 
conduct  the  steam  through  pipes  from  6  c,  into  cylinilery, 
and  from  a  b  into  cylinder  z;  otherwise,  the  sudden  forcing 
of  the  steam  from  the  boilers  a  6,  would  cause  a  small 
vessel  to  rock.  Z  is  a  pipe  from  the  cylinder  y,  near  the 
bottom  of  the  boiler  c,  to  recover  the  steam  from  the  cy- 
linder into  the  boiler  c ;  tn  is  also  a  pipe  from  the  cylinder 
z,  into  the  boiler  a,  instead  of  the  usual  means  of  con- 
densing it. 

^^  A  is  an  oven,  or  trough,  or  grate,  made  in  the  form  of 
a  half-cylinder,  moving  from  side  to  side  by  means  of  the 
rods  o  o,  suspended  from  the  beam  cf,  (acting  in  points  or 
centres);  the  ordinary  grates  or  ovens  may  be  used  by 
applying  shades  to  exclude  the  heat  from  the  boiler  d, 
whilst  acting  against  6  and  c ;  in  the  same  manner  from 
c,  when  it  is  acting  on  a  6,  and  thus  continually  haviog 
two  boilers  acting  against  one.  g  g,  are  two  springs  or 
rods,  from  the  beam  d  to  the  cocks  e  e,  on  the  feeding  pipes 
p  p  and  q  q.  The  fire,  acting  on  the  boilers  a  ft,  causes 
the  steam  to  lift  the  piston  e,  and  consequently  depreses 
the  piston/,  and  forces  the  steam  from  the  cylinder  z  into 
the  bottom  part  of  the  boiler  a,  through  the  pipe  m,  and 
(vice  versa)  on  the  other  side  before  described;  any  flame 
or  heat  may  be  used,  by  means  of  the  moveable  fire  or 
shade/' 
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This  plan  has  been  deemed  worthy  of  a  place  here,  not 
so  much  from  an  idea  that  in  its  present  form  it  will  be 
found  to  answer  the  purpose  for  which  it  is  intended,  (for 
the  effect  of  the  vibrating  furnace  on  the  boilers  a  b  and  c 
will  not  be  sufficiently  quick  in  communicating  heat  to  the 
one,  and  abstracting  it  from  the  other,  to  afford  an  avail- 
able power  of  any  value,)  as  from  a  desire  to  furnish  the 
almost  numberless  ingenious  persons  whose  attentions  are 
devoted  to  the  improvement  of  the  steam  engiue,  with 
hints  respecting  an  application,  which  to  them  may  suggest 
practical  plans  of  much  importance. . 

Patent  Steam  Engine,  by  Messrs.  Bower  and  Bland,  of 

Leeds,  Yorkshire. 

This  invfntion  is  intended  as  an  improvement  upon 
^such  engines  as  condense  out  of  the  cylinder/*  It  con- 
sists of  a .  cylindrical  condensing  vessel,  surrounded  by 
another  air-tight  vessel  of  the  same  figure,  but  of  a  larger 
diameter,  and,  of  course,  leaving  a  space  between  it  and 
the  first.  From  the  bottom  of  the  first  vessel  a  tube  de- 
scends through  the  second,  thirty- four  feet,  into  a  shallow 
cistern,  and  has  there  a  valve  on  one  side  of  its  lower  end, 
opening  outwards;  and  into  the  top  of  the  same  vessel  the 
tube,  which  carries  off  the  steam  from  the  working  cylinder 
of  the  steam  engine,  enters  a  few  inches,  leaving  a  small 
space  between  its  circumference,  and  the  aperture  by  which 
it  enters,  for  the  passage  of  cold  water,  while  it  is  joined 
air-tight  to  the  external  vessel.  To  produce  the  conden- 
sation necessary  in  the  internal  vessel,  and  in  the  lower 
tube,  a  constant  stream  of  cold  water,  of  a  regulated  ex- 
tent, is  to  be  made  to  pass  through  the  space  between  the 
two  vessels,  and  over  the  top  of  the  internal  one,  by  the 
narrow  annular  aperture  between  ii  and  the  steaip  pipe, 
down  into  the  lower  tube,  where,  besides  condensing  the 
steam  which  has  entered  into  it,  and  the  internal  vessel,  it 
is  intended  to  act  by  hydrostatic  pressure,  superior  to  thai 
of  the  atmosphere,  in  forcing  out  the  water  condensed  from 
the  steam,  along  with  itself,  through  the  lower  valve. 

8i>.  4  u 


<I06  boweh  and  iiland^s  stbam  emginC 

The  paitentees  purpose  to  produce  the  supply  or  lu/ld 
water  for  the  design  mentioned,  from  a  cistern  below  (he 
level  of  the  condensing  vessel,  by  a  tube  rising  up  from 
the  former,  into  the  bottom  of  the  space  between  the  two 
vessels,  which  forming,  with  the  long  tube  before  imb- 
tioned,  the  two  legs  of  a  syphon,  will,  by  the  well-known 
principle  of  that  instrument,  convey  the  water  upward^ 
over  the  top  of  the  internal  vessel,  as  required. 

The  lube  of  supply  rises  from  near  the  bottom  of  (k 
upper  cistern,  and  from  it  at  that  part  a  pipe,  furnished 
with  u  cock,  passes  across  to  the  long  descending  tube;  it 
has  itself  also  a  cock  at  its  lower  end,  to  regulate  the 
supply  of  water  which  is  to  enter  into  it  from  the  cistern. 
The  use  of  this  cross  pipe  i^  to  set  the  apparatus  to  work 
at  the  coniniencemenrt  of  its  operations,  which  is  effected 
(ader  having  filled  the  vessels  and  tubes  with,  steam,  b) 
opening  the  communication  with  the  steam  pipe,  and  having 
thereby  blown  all  the  air  out  of  the  apparatus)  by  opening 
the  cock  of  the  cross  pipe,  when  the  water  will  run  directl; 
from  the  cistern  into  the  long  descending  tube  (which  has 
an  enlarged  cavity  a  little  below  the  entrance  of  the  cross 
pipe,  to  increase  the  efibct  of  the  cold  water)  where,  and 
in  the  lower  part  of  the  long  tube,  coming  in  contact  with 
the  steam,  it  will  iiistantly  condense  it,  cause  a  vacuunii 
or  an  approximation  to  one  in  the  v^essels  and  tubes,  which, 
on  again  closing  the  cock  of  the  cross  pipe,  will  oblige  the 
water  from  the  cistern  to  rise  through  the  ascending  tube, 
(its  entrance  stt  the  bottom  of  the  long  descending  tube 
being  prevented  by  the  valve  placed  there  for  that  pur* 
pose,)  fill  the  vessels  and  tubes,  and  thereby  set  thesypbon 
principle  to  work,  to  produce  a  stream  round  the  cisteroi 
through  the  vessels  and  tubes,  into  the  conduit  or  sewer 
at  the  bottom  of  all,  which  stream  being  regulated  b}  the 
cock  of  the  ascending  tube,  so  as  to  be  just  suflScieot  for  the 
condensation  of  the  steam  which  meets  it  in  the  internal 
vessel,  will,  in  the  opinion  of  the  patentees,  cause  that 
approach  to  a  vacuum  in  that  vessel,  which  it  is  their  lO' 
tention  to  produce. 

As  a  variation  from  this  plan  it  is  stated,  that  where  a 
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supply  of  water  can  be  obtained  above  the  level  of  the 
condensing  vessel,  a  descending  tube  may  be  placed  fur 
its  conveyance  into  the  botloni  of  the  internal  vessel,  in- 
stead of  the  asceiidin<|r  one  from  the  lower  cistern.  Ano- 
ther %ariation,  of  less  tfonsecitieiice,  consists  in  forming  a 
neck  to  the  lop  of  the  internal  vessel,  enclosing  the  steam 
tube  as  before  mentioned,  but  having  holes  in  its  sides,  for 
the  passa«^e  of  the  cold  water  into  the  internal  vessel,  in- 
stead of  the  narrow  annular  interval  between  that  tube 
and  the  top  of  the  vessel,  lirst  directed. lor  that  purpose.* 
The  object  of  this  invention  is  unquestionably  impor- 
tant, but  we  fear  the  apparatus  is  at  present  incomplete, 
as  there  doos  not  appear  to  be  any  means  provided  for  re- 
moving the  air  extricated  from  the  water  and  steam. 

Patent  Steam  Enginej  by  Sfimuet  Wellman  Wright^  of  Lam* 

bethy  Surrey.    1825. 

This  is  a  rotary  engine,  and  consists  of  a  flat  hollow 
cylinder,  placed  vertically,  within  which  another  concen- 
tric cylinder  is  made  to  revolve  on  an  axis,  by  square 
valves  or  flaps,  which  are  fastened  to  it  by  close-jointed 
hinges,  and  open  from  it  at  right  angles,  so  as  to  occupy 
the  space  between  it  and  the  external  cylinder,  during 
about  three-fourths  of  its  revolution,  and  which  are  gra- 
dually closed  in  succession  by  an  inclined  plane,  that  pro- 
jects internally  from  the  rim  of  the  external  cylinder,  ex- 
tending about  a  fourth  of  its  circuit,  and  coming  close  to 
the  revolving  cylinder  at  one  end,  where  it  forms  a  stop- 
piece,  that  fills  up  the  interval  at  that  part  between  the 
two  cylinders;  beyond  which  stop,  the  induction  steam  pipe 
enters  into  the  external  cylinder,  while  the  eduction  pipe, 
that  conducts  the  steam  to  the  condenser,  passes  out  near 
the  other  extremity  of  the  inclined  plane.  The  flaps,  when 
closed,  lie  in  hollows,  made  to  fit  them  in  the  rim  of  the 
revolving  cylinder,  and  have  flat  pieces  of  brass  placed  on 
studsy  near  to  their  edges;  which,  being  pressed  outwards 


*  Repertory  of  Patient  Inventioot. 


700  WRIGHT*8  STEAM  ENGINE. 

by  s|)ritifl;s  lliat  lie  behind  them,  form  what  may  be  called 
a  inetullic  packings,  at  three  of  their  sides,  while  the  third 
^ide  is  closed  by  the  accurate  fitting  of  the  hinge,  so  as 
alto2<;elher  to  prevent  the  steam  passing  through  between 
(he  valves  and  the  cylinders  in  any  part.     The  passage 
between  the  revolving  cylinder  and  thestop  is  made  steam- 
fi{;ht,  by  a  thick  piece  of  brass,  that  fits  close  to  the  rim  of 
the   first,  and   is  r(*ceived  into  a  cavity  of  the  latter,  in 
which  springs  are  inclosed,  that  press  it  out  against  the 
revolving  cylinder;  and  the  two  cylinders  are  made  to  it 
steam-tight,  at  their  circles  of  contact,  by  two  fiat  brass 
rings,  one  of  which  is  fastened  to  each  side  of  the  revolv- 
ing cylinder,  by  screws  inserted  through  slots,  which  admit 
of  its  being  moved  outwards  towards  the  fixed  cylinder, 
and,  being  divided  into  two  pieces  across  its  diameter,  flat 
wedgesi,  which  are  pressed  by  springs  into  the  lines  of  its 
junction,  froit  the  side  next  to  the  axle,  tend  ahvay?  to 
press  it  outwards  against  the  inner  rim  of  the  external 
fixed  cylinder,  and  keep  the  steam  from  passing  by  it,  not- 
withstanding its  gradual  wear. 

The  valves  or  flaps  are  made  to  rise  out  of  the  cavities 
(hat  contain  them,  after  they  have  passed  the  inclined 
plane,  by  pieces  that  proceed  from  their  hinges,  nearly  at 
right  angles  to  their  hacks,  which  point  towards  the  axle 
when  they  are  closed,  and  which  come  in  contact  with  a 
roller,  whose  axis  is  fastened  to  the  side  of  the  fixed  cy* 
linder,  when  the  flap  has  completely  passed  the  inclinea 
plane;  which  roller,  by  pressing  these  handles  backwards, 
obliges  the  flaps  to  rise  upwards  across  the  annular  cavity 
between  the  two  cylinders,  and  constitute  that  opposition 
to  the  steam  which  causes  the  internal  one  to  revolve,  and 
turn  round  the  machinery  that  is  connected  with  its  axle. 

The  Editor  of  the  Repertory  of  Arts  (from  which  work 
the  foregoing  account  is  chiefly  extracted)  observes,  that 
this  engine  "very  much  resembles"  Mr.  Walter  Foreman  s, 
(described  at  page  272),  but  that  the  latter  is  inferior  to  it, 
on  account  of  no  adequate  method  being  provided  for 
making  the  various  moving  parts  steam-tight.  The  writer 
evidently  alludes  to  the  omission  of  packing  to  the  b^P 
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valves,  by  Captain  Foreman,  the  conical  form  of  which  he 
does  not  perceive  renders  packing  unnecessary ;  and  it  in 
on  this  peculiar  form  of  the  valves  and  case  the  Captain 
founds  his  patent  right.  Mr.  Wright's  engine  has  a  greater 
resemblance  to  several  other  engines  that  preceded  Cap« 
tain  Foreman's  in  our  account,  wherein  similar  valves 
are  used,  possessing  the  same  common  defect,  or  liability 
to  leakage  at  their  joints,  which  it  is  scarcely  possible  to 
prevent.  See  Cooke's,  page  104;  Chapman's,  page  S07; 
besides  several  others.  One  of  the  best  features  in  Mr. 
Wright's  engine,  is,  his  mode  of  packing  the  crevice  be- 
tween the  revolving  and  fixed  cylinders,  by  the  brass  seg- 
ments, which  are  pressed  asunder  by  wedges  and  springs, 
forming  a  new  and  useful  application  of  the  principle  of 
Barton's  metallic  piston. 

Patent  Steam  Engine^  by  Captain  Hallidatfj  of  Ham^ 

Surrey.    1826. 

The  steam  engine  described  in  the  specification  of  this 
{latent,  is  of  the  rotary  species,  and  consists  of  a  wheel, 
having  a  deep  rim,  that  passes  through  a  case  of  larger 
dimensions,  which  embraces  a  portion  of  its  circumfer  nee; 
and  from  that  part  of  it  which  is  within  the  case,  valves 
are  made  to  open,  that  fie  the  case  accurately,  and,  by  re- 
ceiving the  action  of  the  steam,  cause  the  wheel  to  revolve. 
The  rim  of  this  wheel  is  much  deeper  from  the  circum- 
ference towards  the  centre,  than  its  thickness  ;  which  latter 
must^  however,  be  sufficient  to  contain  the  valves  within 
its  sides,  so  that,  when  they  are  closed,  no  part  of  them 
may  project  beyond  their  limits;  these  valves  turn  on  a 
pivot,  that  goes  through  their  middle,  in  the  direction  of 
the  radii  of  the  wheel,  and  passes  through  the  substance 
of  the  rim,  towards  the  centre  of  the  wheel,  fop  a  purpose 
that  will  be  explained :  the  valves,  when  turned  round, 
so  as  to  be  at  right  angles  with  the  rim,  must  fit  the  case 
exactly ;  and,  for  this  purpose,  are  made  in  the  shape  of 
its  transverse  section,  which,  as  shown  in  the  drawing  of 
the  specification,  is  a  parallelogram,  a  little  rounded  at 
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top,  and  about  half  the  depth  of  its  breadth ;  bat,  m  tke 
patentee  states,  many  other  shapes  for  the  traaarerse  secdos 
of  the  case  and  valves,  will  have  a  similar  effect ;  again, 
when  the  valves  are  turned  back,  so  as  to  lie  in  the  diree- 
tion  of  the  rim,  the  cavities  in  which  they  are  to  lie  mut 
be  so  fitted  to  them,  and  they  to  the  cavities,  that  they  ma; 
entirely  occupy  and  close  Ihem  up,  so  as  to  present  a 
smooth  and  uniform  surface  externally,  exactly  coinciding 
with  the  face  of  the  rim*    The  case  enclcises  one-third  of 
the  rim,  and  is  made  in  two  equal  pieces,  separating  in  the 
plane  of  the  rim,  and  having  flanges  at  their  edge%  by 
which  they  may  be  jointed  together  closely,  with  screws 
and  nuts;  in  which  line  of  juncture  they  iaclose  a  segment 
of  a  flat  ring,  made  of  brass,  of  the  thickness  of  the  rim, 
but  which  is  of  a  less  depth  than  the  flanges,  so  as  to  admit 
the  part  of  the  edge  of  the  rim  that  extends  above  the 
valves,  to  enter  between  the  flanges,  in  order  to  make 
the  juncture  of  the  parts  more  accurate ;  this  brass  segment 
can  be  taken  out  and  refitted,  when  either  it,  or  the  edg« 
of  the  wheel,  wears  so  as  to  cause  an  imperfect  conjunction. 
As  it  is  necessary  that  the  inside  of  the  case  should  be 
exactly  curved  to  correspond  with  the  rim,  the  patentee 
directs  that,  for  this  purpose,  two  other  similar  pieces 
should  be  joined  to  each  of  the  sides,  by  the  flanges  st 
their  ends;  and,  as  each  consists  of  the  third  part  of  a  ring) 
the  whole  three  will  form  an  entirely  hollow  ring,  ^kich 
may  then  be  turned  by  the  lathes  used  for  work  of  large 
dimensions,  so  as  to  have  its  internal  cavity  turned  out 
perfectly  circular,  true,  and  even ;  and,  after  the  pieces 
are  again  separated,  two  of  them  will  form  the  case*    The 
flanges  at  the  ends  of  these  pieces,  though  essential  for 
the  purpose  just  mentioned,  are  intended  for  fastening  on 
the  covers  that  close  the  two  ends  of  the  case,  and  through 
apertures  in  which  the  rim  of  the  wheel  passes;  which 
apertures  must  be  made  to  fit  it,  so  as  to  render  it  steam* 
tight;  these  apertures,  which  will  thus  be  in  the  shape  of  the 
transverse  section  of  the  rim,  are  to  have  pieces  projecting 
outwards  from  them,  in  an  angle  of  about  forty-fi^^  "*' 
groes  at  each  side ;  whose  use  is  to  bring  the  edges  of  the 
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valves  within  the  cavities  of  the  rim,  so  as  to  pass  through 
the  apertures  without  obstruction,  should  they  by  accident 
come  into  such  a  position  as  would  render  these  guides 
necessary. 

The  parts  of  the  case  that  are  below  the  valves,  or  bc^ 
tween  them  and  the  centre  of  the  wheel,  fit  accurately 
to  the  sides  of  the  rim,  so  as  to  prevent  all  escape  of 
steam.  The  valves  are  made  to  turn  round,  to  be  at 
right  angles  with  the  rim,  and  back  again,  to  lie  flat  within 
its  substance,  by  the  lower  part  of  the  pivots,  which  we 
before  stated  passed  through  the  inner  part  of  the  rim  to- 
wards  the  centre;  from  this  part  of  the  pivot  of  each,  an 
arm  projects,  at  right  angles  to  the  valve,  having  a  roUer 
at  its  extremity,  which,  as  the  wheel  turns  round,  comes 
in  contact  with  a  guide-bar,  fixed  to  the  frame  in  which 
the  wheel  turns,  which  bar  is  curved  sideways,  as  well  as 
in  the  direction  of  the  arc  of  the  rim,  and  gradually,  as  the 
rim  turns,  pushes  the  arm  into  the  plaine  of  the  rim,  and 
by  this  causes  the  valve  to  turn  round  at  right  angles  to 
it,  and  occupy  the  transverse  section  of  the  cavity  of  the 
case;  and  this  turning  out  of  the  valves  is  made  to  take 
place  by  the  proper  position  of  the  guide-bar^  juat  as  they 
enter  within  the  case ;  and  they  are  brought  back  again 
to  their  first  positions  within  the  rim,  by  a  similar  guide- 
bar  at  the  other  side  of  the  wheel,  which  acts  on  other 
arms  placed  at  right  angles  to  the  first,  or  in  the  plane  of 
the  valves;  they  may  also  be  made  to  go  back  into  their 
places  by  springs,  when  they  have  passed  the  first-men- 
tioned guide-bars,  that  cause  them  to  expand,  and  keep 
them  open  as  long  as  is  required.  The  case  is  represented 
as  being  fixed  to  the  upper  portion  of  the  side  of  Uie 
wheel,  and  in  a  vertical  position,  as  the  latter  of  course  is 
also;  and  the  pipe  by  which  the  steam  enters  into  it  from 
the  boiler,  is  fixed  to  the  cover  of  the  upper  extremity^ 
and  when  the  steam  is  of  the  ordinary  pressure,  and  a 
condenser  is  used,  a  similar  pipe  passes  from  the  cover  of 
the  lower  end  of  the  case  to  that  condenser;  but  when 
highly-compressed  steam  is  used,  then  the  latter  pipe  is 
necessary,  and  the  lower  cover  itself  may  be  removed. 

The  number  of  the  valves  may  be  regulated  by  the 
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fancy  of  the  eng^iiie  maker,  provided  it  be  such  that  two 
of  them  at  least  may  always  be  at  the  same  time  within 
the  case,  as  the  wheel  revolves;  and  their  edges  may  be 
grooved  so  as  to  contain  common  packing,  or  oietaliie 
packing  expanded  by  springs.  The  wheel  itself  turns  on 
an  axle,  supported  by  sockets  attached  to  a  firm  frame, 
resting  on  six  pillars,  two  of  which  stand  directly  under 
the  sockets;  one  of  the  ends  of  the  axle  is  prolonged 
beyond  the  frame,  to  form  a  connexion  between  the  wheel 
and  the  mill  machinery,  which  it  is  intended  to  work;  and 
four,  six,  or  more  arms  or  spokes,  join  its  rim  to  the  oave 
or  centre  piece,  through  which  the  axle  passes. 

A  cistern  of  hot  oil,  made  to  fit  the  rim  of  the  wheel,  k 
so  placed  as  to  receive  its  lower  part,  and  being  kept  at 
the  same  heat  as  the  steam  used,  or  a  little  above  ii^  by  a 
furnace  properly  disposed  beneath  it^  will  both  maiotaio 
the  wheel  at  such  a  degree  of  temperature  as  will  pre« 
vent  its  having  any  tendency  to  condense  the  steam,  and 
will  at  the  same  time  keep  the  rim  and  valves  always  lu« 
bricated,  so  as  to  pass  the  ease  with  facility.  The  boiler, 
condenser,  and  every  other  part  necessary  to  complete  the 
engine,  are  of  the  commonly  approved  construction.* 

This  invention  of  Captain  Halliday's  reflects  great  credit 
upon  his  inventive  talents;  the  niode  of  opening  and  clo- 
sing the  valves  for  exposing  them  to,  and  withdrawing 
them  from  the  action  of  the  steam,  is  highly  ingenious; 
and  it  is  much  to  be  regretted  that  so  beautiful  an  opera' 
tion  cannot  be  efficiently  performed  for  any  considerabfe 
time,  on  account  of  the  difficulty  of  preserving  the  essen- 
tial  parts  steam-tight,  and  that  the  superior  qualify  ot 
workmanship  required  to  make  such  a  machine  in  the  first 
instance,  must  prove  an  obstacle  to  its  adoption. 

Although  foreign  to  the  principal  object  of  this  work, 
we  may  here  mention  that  we  have  seen  a  pump  of  to<^ 
above  construction  operate  well,  with  an  economy  ot 
power;  the  valves  in  which,  not  touching  the  sides  of 
their  case,  enabled  a  rapid  motion  to  be  given  them,  with- 
out any  fric^tion  in  those  parts. 
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PiUent  Compound  Rotary  Engine^  by  /.  Eve^  of  London* 

1826. 

This  invention  consists  in  «onie  peculmr  and  ingenious 
arrangements  for  the  employment  of  steam,  twice  over,  in 
two  distinct  rotary  engines;  ih  the  first  of  which  the 
steam  is  used  at  a  high  pressure^  and  in  the  second  allowed 
to  expand  to  low  pressure;  In  a  communication  to  the 
editor  of  the  Register  of  the  Arts,  the  patentee  observes, 

^^  The  diflSculty  of  availing  ourselves  of  using  steam 
twice,  that  is,  first  as  high  pressure,  and  then  in  a  condeU'* 
sing  engine  to  any  extent,  is  sufficiently  apparent  from 
the  following  considerations.  It  appears  from  Mr. 
Woolfe^s  experiments,  that  steam  heated  to  balance  six 
pottiHid  toiAie  inch,  will  expand  into- six  tiroes  the  volume 
under  atmospbericpreftiire,  at  20  poands  to  20  times^  at  40 
pounds  to- 40  times,  and  so  on. 

^^  Working  with  comparatively  so  low  a  pressure  as  40 
pounds  to  the  inch)  it  would  be  found  extremely  inconve- 
flient  'to  use  two  engines  whose  capacity  were  as  one  to 
forty,. and  if  not  impossible,  would  appear  ridiculousj  if 
etean  of  200  pounds  elasticity  (which  is  quite  common  in 
the  United  States)  be  used,  as  the  second  engine  would 
be  twice  the  capacity  of  the  first,  which  in  this  extreme 
case  would  at  least  have  a  disproportionate  appearance. 
All  reciprocating  engines  will  have  to  contend  with  this 
inconvenience^  or,  rather,  can  only  avail  themselves  of  a 
partial  advantage  firom  using  high  and  low  steam,  as  they 
have  to  work  stroke  for  stroke.  With  my  rotary  engine, 
the  full  tonefit  of;  tliis  principle  may  be  appropriated;  as 
the  engine  that  aefis  by  high'  pressure  may  be  smaller  in 
the  first  irtstance,  and  then  the  engine  for  low  pressure 
may  be  made  to  revolve  so  much  faster  than  the  first,  as 
to  allow  of  the  full  expansion  of  the  steam  before  it  is 
acted  on,  for  the  velocity  may  be  oarried  to  any  extent 
required,  without  inconvenience.''    '  .  . 

The  follQWinji;  Hgure  represents  an  elevation  of  Mr. 
Kve's  ^^  compound  steam  engine."    a  is  the  f!Uimce^  con^ 
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taining  the  Bteam-gencffator,  or  boiler^  b  iatliedoaeae 
the  top  of  the  Bteam  receiver,  vith  the  ateain  pipe  c,  and 
safety  apparatus  m;  d  is  a  cock  and  pipe,  through  whick 
■team   is  admitted  to  the -high>preflsure  -eDgioe  e;  aRer 
having  acted  upon  it,  the  aaid  steam  passes  into  thelor- 
pressure  engine  y,  constructed  on  the  plan  draoribtdtt 
page  275,  on  a  larger  scale,  so,  as  to .  allow  the  steaai  to 
expand,  and  then  act  upon  it  at  low  pmaure.    «  *>A  J 
have  pinion  wheals  of  an  equal  pitch,  gearing  into  a  ipnr^ 
wheel  g ;  these  wheels  detertniae  the  power  given  to  eick 
eogioe,  by  regulating  their  motion  with  referoice  to  tkt 
power  required  Upm  each*      Thestean  finds  its  cecspe 
at  >z,  into  the  oendsBser  A.  The  coadensed  steam  or  w'tsr 
runs  througb.pipfl  t  by  its  own  gravity,  towards  (he  t«a 
revolving  cocke,  whence  it  is  conveyed  back  to  the  fee^ 
iag  pipe  in  the  steam>generator.     ti  is  an  engine  on  tlK 
before-mentioned  plan,  having  two  induction  and  <*<> 
eduction  pipes,  which  engine  swves  as  a  pump  in  this  ff 
ticutar  situation,     to  is  the  service-pipe  from  the  well, 
leading  into  the  refrigerator ;  x  receives  the  water  in  III' 
refrigerator,  and  carries  it  downwards,    p  is  the  bell*'" 
for  blowing  the  fire,  by  means  of  a  band  rouad  the  sxle, 
connected  with  a  pulley,    o  is  the  valve  and  lever  of  "* 
bellows,  coBUected  by  the  rod  n,  with  the  safely  ■pf'' 


ratus ;  t  and  u  are  puUe]^,  cenneeted  by  a  bund,  to  give 
rotatory  motion  to  'piimp  Vy  hut  any  oth^  contrivance 
may  be  nsed ;  /  is  a  cock,  which  is  only  opened  before  the 
engine  is  set  to  work,  in  order  that  the^  air  may  be  driven 
out  of  the  pipes  and  condenser  by  the  steam ;  the  cock  may 
then  be  shut,  and  the  engine  set  to  work;  y  is  a  pipe, 
leading  flnom  the  safety  apparatus  to  the  eond^oser; 
therefore,  if  an  engine  be  so  contrived.  And  the  boiler' be 
once  'fill^  with  water,  the  same  water  will  answer  for 
working  the  engine,  as  long  as  the  pipes  remain  sound,  or 
at  any  rate  with  very  little  loss  of  water. 

Patent  Steam  Eh^tne,  by  Mr.  Thomas  Peciy  St.  John 

Street^  London.   1827. 

The  principle  of  the  two  methods  for  producing  revol- 
ving steam  engines,  described  in  this  specification,  consists 
in  making  the  main  •cylinder  of  the  engine  revolve,  by 
the  action  of  its  piston  rod  on  a  fixed  axle,  placed  eccen- 
trically to  that  round  which  the  cylinder  performs  its 
revolution. 

In  the  first  method,  this  is  effected  by  suspending  the 
main  cylinder  on  hollow  axles,  that  project  at  right  angles 
from  the  middle  of  its  side^,  opposite  to  each  other,  and 
through  which  the  steam  i6  conveyed  from  the  boiler,  and 
passes  to  the  diiferent  ends  of  the  cylinder  alternately,  by 
pipes  that  run  aloi%  the  sides  of  the  latter;  and  again,  by 
open  air,  (according  )aa  the  engine  is  of  the  low-pressure 
or  high  pressure  species,)  by  the  operation  of  a  sliding 
box-*valve,  which  is  iboved  by  an  eecentric  wheel,  that  is 
turned  by  the  revolving  mitchinery.  The  cylinder  being 
thus  prepared,  a  toothed  ring  is  fixed  vertically  round 
each  of  the  hollow  axles,  with  its  centre  the  distance,  of  a 
quarter  of  a  itroke  of  the  piston  from  them,  and  is  there 
fittteaed  immoveably  to  the  frame-work  that  supports 
them,  while  a  frame,  worked  by  the  pkton-rod  in  its  own 
plane,  carries  two  verticaUtobthed  wheels  at  each  of  its 
extremities,  the  teeth  of  which  interlock  iviih  those  of  the 
toothed  ring  at  its  opposite  sides ;  and  connecting  rods 


being  passed  from  tlie  centres  of  tbeee  irlMek  to  piTols  i» 
the  rim  of  a  fly-wheel  that  tnrns  round  the  same  centre 
as  the  cylinder,  it  fallows,  that  when  the  piston-rod  enten 
the  cylinder,  the  two  wheels  at  its  farther  end  will  be 
forced  along'  the  peripheries  of  the  fixed  rings;  aad  as 
these  are  eccentric  to  the  hollow  axles  of  the  cylinder, 
will  (by  bringing  the  extremities  of  the  latter  alternately 
nearer  to  and  farther  from  their  centres,  while  at  the 
same  time  they  are  drawn  and  pushed  successively  by  the 
piston-rod,  towards  the  hollow  axles  and  away  from  them) 
cause  the  cylinder  to  revolve  round  its  axles,  for  half  a 
revolution,  from  the  combined  effect  of  the  two  motions 
acting  angularly  to  each  other.     In  like  manner,. when 
the  piston-rod  is  pushed  out  from  the  cylinder,  the  two 
wheels  at  the  opposite  end  of  the  frame  that  moves  with 
it,  will,  by  acting  on  the  fixed  wheels,  in  the  same  manner 
as  the  others  just  described,  have  a  similar  effect  on  the 
cylinder,  make  it  perform  another  half  revolution  in  the 
same  direction,  and  thos  cause  it  to  complete  an  entire 
revolution;    the  velocity  of  this    is   rendered  equable 
and  uninterrupted  by  the  action  of  a  fly-wheel  at  each 
side,  whieh,  by  their  momentum,  continue  the  turainf  of 
the  cylinder,  when  the  piston-rod  moves  in  the  tine  that 
passes  through  the  axles  and-the  centres  of  the  rings,  and 
when  of  course  the  force  would  otherwise  be  expended  in 
mjutiously  impelling  the  two  centres,  either/ towards  or 
from  each  other,  according  to  its  direction ;  ia  like  manner 
as  takes  place  with  the  crank  and  fly-wheel  in  comnon 
steam  engines. 

The  two  pair  of  wheels  at  the  end  of  the  piston-moved 
frame,  are  attached  to  these  by  axles  that  pass  through 
points  in  them,  one  fourth  of  the  piston  stroke  removed 
from  their  ceotres,  in  order  that  they  may  correspond 
with  the  eocentricity  of  the  fixed  rings;  which  beings  as 
before  noticed,  also  a  quarter-stroke  eccentric,  the  two 
eccentricities  added  together  are  equal  to  half  a  strofcC) 
at  each  passing  of  the  revolving  and  fixed  cylinders;  and 
as  this  occurs  twice  in  each  revolution  of  the  cylinder,  the 
four  quarter-stroke  eccentricities  thus  keep  pace  with  t^ 
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motion  of  the  piston,  so  as  *o  prodace  one  revolution  for 
each  stroke. 

There  are  thus  six  wheels  employed  in  prodocingf  this 
motion,  all  of  which  are  of  the  same  size ;  two  eenfrat 
wheels  that  are  fixed,  and  four  that  revolve  roand  these, 
three  of  which  are  at  each  side  of  the  cylinder ;  the  piston- 
moved  frame,  that  carries  four  of  these,  (two  at  each  ex- 
tremity,) has  a  ring  at  each  side,  that  encloses  the  fixed 
toothed- wheels,  and  is  so  much  larger  than  them,  as  to 
allow  for  their  eccentric  positions,  and  escape  coming  in 
contact  with  them  in  any  part  of  the  revolution ;  the  two 
sides  of  this  frame,  and  the  three  toothed* wheels  adjoin- 
ing to  each  of  them,  lie  between  the  cylinder  and  the  fixed 
frame  that  supports  its  hollow  axles. 

In  the  second  method  for  producing  the  revolution,  two 
or  more  steam  cylinders  are  fixed  by  gudgeons  between 
the  peripheries  of  two  fly-wheels,  at  equal  distances  firom 
each  other,  with  their  piston-rods  extending  to  an  axle, 
eccentric  to  that  of  the  fly-wheels  a  distance  of  half  a 
stroke ;  the  gudgeons  and  the  axle  of  the  fly-wheels  are 
hollow,  and  tubes  pass  between  them,  connected  to  the 
former  by  turning  joints,  made  steam-tight,  like  those  of 
cocks;  the  steam  is  conveyed  to  the  cylinder  by  these 
tubes,  and  by  others  that  run  along  their  sides  to  their 
extremities,  and  is  again  passed  ofi^,  either  into  the  open 
air  or  into  a  condenser,  by  the  same  tubes,  or  by  others 
similarly  placed  at  the  opposite  sides  of  the  cylinders ;  the 
passages  between  these  tubes  ftnd  the  boiler  and  condenser 
are  opened  and  closed  by  sliding  box-valves,  moved  as 
required  by  an  eccentric  wheel,  turned  by  the  wheel- work 
of  the  engine.  The  axles  of  the  fly-wheels,  in  both  me- 
thods, afford  proper  situations  for  the  primary  wheels, 
that  are  to  convey  the  motion  to  the  machinery,  for  the 
working  of  which  the  engines  are  required ;  and  when  the 
engines  are  to  be  first  put  in  motion,  the  fly-wheels  must 
be  turned  by  hand  for  some  distance,  until  the  force  of 
the  steam  commences  its  action  upon  the  revolving  appa« 

rat  us.* 

•  ••  -      ■    ■     ■      ■   ■  .  1 

*  Repertory  of  Patent  Inventions. 
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Patent  SteamEngine^  by  ILShtart  MeiUdmm.  Ltmdmiyliei. 

This  invention  consists  in  a  method  of  generating  Ta- 
poar  or  gas  within  the  working  cylinder  itself,  produced 
by  the  application  of  a  heated  fluid  medinm  inside  tlie 
piston.    We  have  reason  to  believe  that  the  project  was 
never  carried  into  effect,  except  in  a  small  model;  ne- 
vertheless! it  is  sufficiently  novel  and  speeioos  to  demand 
a  description  in  this  work.    The  only  publication  hereto- 
fore containing  any  notice  of  this  patent,  is  the  Liondon 
Journal  of  Arts^  from  whence  we  extract  the  followiog^, 
though  not  very  clear  account ;  the  writer  of  which,  how- 
ever, complains  that  the  enrolled  specification  of  tie 
patent  is  very  deficient  in  clearness,  a  quality,  which  no 
one  who  knows  its  highly-talented  author*  would  suspect 

'^  A  cylinder,  of  the  kind  commonly  applied  to  steam 
engines,  is  to  be  employed,  in  which  a  piston  works  up 
and  down,  as  usual.  In  the  upper  part  of  the  cylinder  a 
long  tube  is  to  be  inserted,  within  which  the  rod  of  the 
piston  slides.  The  piston  is  intended  to  be  made  hollow, 
with  three  horizontal  compartments,  if  we  understand 
aright,  and  with  valves  opening  outwards.  The  rod  of 
the  piston  is  to  be  hollow,  and,  indeed,  have  several  small 
tubes  or  passages  extending  along  it^  from  end  to  end. 

'^  One  or  the  tubes  in  the  piston  rod  is  desfgned  to  con- 
duct melted  metal,  (such  we  presume  as  the  easily-fusible 
alloys,)  from  a  hot  reservoir,  doivn  to  the  central  com- 
partment in  the  interior  of  tjie  hollow  piston,  and  another 
of  the  tubes  is  to  carry  the  said  melted  metal  up  again 
from  the  piston  into  the  reservoir.  Connected  to  the  rod 
of  the  piston,  in  some  way,  there  is  to  be  a  small  injecting 
pump,  for  the  purpose  of  forcing  this  melted  metal  down 
one  tHibe,  through  the  chamber  in  the  piston,  and  up  the 
other  tube,  making  a  continued  circuit  of  the  hot  metal 
from  the  reservoir  through  the  chamber  oif  the  piston,  as 
long  as  the  piston  is  in  action. 

^^  Aiiother  tube,  passing  through  the  piston  rod,  is  de- 
sigtied  to  conduct  a  fluid,  whether  oil  or  water,  or  any 

•  Author  ofStcartS  History  £.nd  Stuart*»  Anecdotes  oftlie  Steam  Eopa*- 
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thing  else,  which,  by  heat,  may  be  converted  into  an 
elastic  vapour  or  gas;  and  this  fluid  being,  by  means  of  a 
small  pump,  connected  to  the  piston  rod,  thrown  upon 
the  heated  surface  of  the  chamber  within  the  piston,  is 
immediately  converted  into  steaiii,  or  other  elastic  va* 
pour,  and  passing  through  the  valves  into  tke  eylinderj 
there  exerts  its  elastic  force,  und  drives  the  piston  as  in 
an  ordinary  steam  engine. 

^^  Supposing  the  piston  to  be  at  the  top  of  the  cylinder 
and  the  jet  of  fluid  to  be  then  injected  on  to  the  surface 
of  the  heated  chamber,  the  steam  or  other  elastic  vapour 
generated  would  immediately  pass  through  the  upper 
valves,  which  at  that  time  are  alone  permitted  to  open, 
and  exerting  its  elastic  force  above  the  piston,  would  in- 
stantly drive  it  to  the  lower  end  of  the  cylinder.  Another 
jet  of  the  fluid  being  now  thrown  upon  the  heated  cham- 
ber, and  the  lower  valves  at  this  time  being  alone  per- 
mitted to  open,  the  steam,  or  other,  vapour  generated, 
passes  by  apertures  formed  through  the  heated  chamber, 
and  instantly  rashes  out  at  the  under  valves  into  the 
lower  part  of  the  cylinder^  and  accordingly  raises  the 
piston;  the  steam  or  vapour  in  the  upper  part  being 
drawn  away  through  eduction  apertures,  and  condensed 
by  the  means  commonly  employed  for  that  purpose.  In 
thi  way  it  is  intended  to  generate  the  steam  or  other 
elastic  vapour  within  the  piston,  and  to  discharge  it  into 
the  cylinder,  alternately  on  one  side  or  the  other  of  the 
piston,  for  the  purpose  of  working  the  engine  reciprocally, 
and  with  sufficient  force  to  actuate  machinery  connected 
to  the  upper  end  of  the  piston  rod,  as  in  other  steam  engines." 

High'Pressure  ^^Sqfety''  Engine,  by  J.  Perkins,  qf  Fleet 

Streeiy  London.  1827. 

The  following  diagram  is  illustrative  of  a  new  modifi* 
cation  of  a  high-pressure  steam  engine,  by  the  ingenious 
Mr.  Jacob  Perkins;  the  peculiarities  of  which  will  he 
noticed  in  our  description.  It  should  be  understood  that 
the  figure  does  not  represent  all  the  details  of  the  engine^ 
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bat  th«  principal  icting  parts  are  brought  toother,  so  as 
to  exhibit  its  principle  and  mode  of  operation  at  one  view. 
B^erence  to  th*  engraving.— a  is  the  working  cylinder^ 
■applied  with  steam  by  the  valve  b\  this  valve,  by  meaiu 
of  an  intermediate  lever  c,  is  operated  upon  by  tbe  revo- 
Intion  of  tlK  cam  4»  °d  ^^  ■■>"''*  '^^^  e.   f  is  the  piston, 
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g  the  piston  rod ;  h  the  connecting  rod  to  the  crank  i\lll^ 
bearings  in  which  the  shaft  turns;  m  is  an  eccentric,  which 
works  a  valve  placed  in  the  injection  tube,  leading  into 
the  condenser  fi;  the  lower  extremity  of  the  condenser  is 
formed  into  a  box,  having  two  valves,  opening  outwards, 
into  the  expansion  vessel  o,  to  which  a  pipe  q  is  connected, 
leading  into  the  hot  wellp;  in  this  is  placed  a  force- 
pump  ^,  worked  by  a  rod  attached  to  the  crank  t;,  which 
forces  the  condensed  water  (temperature  about  lOO*), 
through  the  pipe  tc,  into  the  generators  w  w^  fixed  across 
the  furnace,  and  through  the  opposite  walls ;  x  is  a  lower 
and  third  tier  of  pipes,  similar  to  the  others,  but  employed 
to  allow  the  water  from  the  former  to  expand  into  steam, 
after  it  has  acquired  sufficient  power  to  overcome  the  pros* 
sure  of  a  heavily  loaded  valve.  From  the  pipe  jr,  the  steam 
passes  into  a  large  vertical  chamber  y^  and  from  thence,  at 
regular  intervals,  along  the  pipe  x,  into  the  working  cylin- 
der.  The  separate  figure  J  shews  one  of  the  pipes,  (the 
same  as  those  at  to  and  or,)  in  perspective.* 

From  the  foregoing  it  will  have  been  noticed  that  this 
engine  has  only  what  is  termed  a  single  action,  the  steam 
being  admitted  on  one  side  of  the  piston  only ;  and  that 
the  principle  of  heating  water  in  very  strong  vessels,  under 
a  high  state  of  pressure,  as  in  Mr.  Perkins's  former  patent, 
is  still  adhered  to. 

The  internal  diameter  of  the  principal  portion  of  the 
cylinder  of  the  engine  we  saw  at  work  in  Water  Lane, 
Fleet  Street,  is  about  eight  inches,  but  the  lower  end  is 


enlarged,  as  shewn  at  a  a,  in  the  above  cut,  into  a  cylin- 
drical chamber  of  nine  or  ten  inches  in  diameter,  and  about 


*  A  icction  of  this  boiler,  with  a  description  of  it,  more  in  detail,  it 
fiveo  at  page  898. 

31  4y 
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six  inches  deep,  for  the  reception  of  the  piston  at  the  end 
of  the  stroke,  which  takes  a  range  of  about  20  inclies. 
The  steam  is  admitted  into  the  top  of  the  cylinder,  at  a 
pressure  of  eight  hundred  pounds  upon  the  square  inch; 
and  when  the  piston  has  descended  through  one  eighth  of 
the  length  of  the  cylinder,  the  supply  is  cut  off,  so  that  the 
remainder  of  the  stroke  is  effected  solely  by  the  expaosion 
of  the  steam.    When  the  piston  has  reached  the  bottom  or 
enlarged  part  of  the  cylinder,  the  steam   rushes  past  i(, 
through  the  condenser,  into  the  expansion  vessel,  when 
the  whole  of  it  expands  to  atmospheric  pressure.    The 
valves  at  the  lower  part  of  the  condenser  (before  men- 
tioned), now  close  by  their  own  gravity,  at  which  iostant 
a  spray  of  water  is  injected  into  the  condenser,  by  which 
the  remaining  steam  is  liquefied,  and  nearly  a  perfect 
vacuum  effected.    The  water  thus  reproduced,  is  blown 
into  the  expansion  vessel,  along  with  the  steam,  at  the 
next  down  stroke  of  the  piston  ;  the  water  running  down 
into  the  hot  well,  to  be  returned  to  the  generators  by  the 
action  of  the  force  pump,  while  the  steam  escapes  by  a  la- 
teral tube  into  the  chimney  of  the  furnace.     The  upward 
or  return  stroke  of  the  piston  is  effected  by  the  momentum 
given  to  the  fly-wheel,  and  to  prevent  any  resistance  to  the 
ascent  of  the  piston,  which  might  be  caused  by  condensed 
steam  above  it,  there  is  a  small  valve  in  the  piston,  which  is 
opened  when  the  latter  reaches  the  bottom  of  the  cylinder ; 
therefore,  whatever  uncondensed  steam  may  remain  in  the 
cylinder  above  the  piston,  has  free  passage  from  the  latter 
to  the  under  side,  thus  occasioning  no  obstacle  to  its  ascent. 
At  the  termination  of  the  upward  stroke  of  the  piston, 
this  little  valve  is  closed  in  like  manner,  by  striking  against 
the  top  of  the  cylinder,  so  that  the  next  charge  of  steam 
introduced  into  the  cylinder  may  not  be  diminished  in  its 
effect. 

The  piston  employed  in  this  engine  was  described  as  of 
the  metallic  kind,  but  of  a  very  peculiar  nature;  the  ar- 
rangement of  its  parts  consisted  of  a  series  of  expanding 
rings,  but  formed  of  a  peculiar  alloy,  which  Mr.  Perkins 
stated  he  had  found  to  require  neither  oil,  tallow,  oorany 
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lubricating  material  whatever,  to  reduce  the  friction  ;  so 
Tar  from  this  being  necessary,  it  was  asseited,  that,  by  the 
working  of  the  engine,  the  rubbing  surfaces  of  the  piston 
and  cylinder  became  so  highly  polished,  as  to  reduce  the 
friction  considerably  below  that  of  the  ordinary  metallic 
packing,  when  oiled  !  We  mention  this  circumstance,  in 
order  to  remove  the  false  impression  which  such  a  public 
statement  was  calculated  to  produce,  it  being,  we  believe, 
a  well-authenticated  fact,  that  the  pistons  made  of  this 
^^  peculiar  alloy,''  did  not  wear  well,  and  that  it  was  found 
necessary  to  have  recourse  to  oleaginous  matter,  to  lubri- 
cate them. 

One  of  the  principal  difficulties  that  Mr.  Perkins  had  to 
contend  with,  in  using  steam  at  such  high  temperature, 
was  the  carbonising  of  the  oil  or  grease ;  the  ^^  peculiar 
alloy*'  piston  was  therefore  introduced,  to  overcome  this 
difficulty,  and  we  regret  that  the  success  of  this  contri- 
vance was  not  commensurate  with  the  expectations  of  the 
inventor. 

By  the  novel  arrangements  we  have  described,  Mr.  Per* 
kins  calculated  that  he  saved  full  half  the  fuel  usually 
employed,  and  that  by  this  mode  9f  condensing  the  steam, 
as  perfect  a  vacuum  was  effected,  as  in  Bolton  and  Watt's 
condensing  engines,  with  a  great  savjng  in  the  consump- 
tion of  water,  and  without  the  necessity  of,  or  the  friction 
attending  an  air  pump.  Mr.  Perkins  has  not  hitherto,  by 
any  satisfactory  tests,  proved  the  power  of  one  of  these 
engines,  and  without  such  a  datum,  it  is  impossible  to  es- 
timate the  economy  or  advantage  of  them  ;  much  credit  is 
nevertheless  due  to  that  gentleman  for  his  varied  efforts 
to  increase  the  power,  and  thereby  augment  the  utility  of 
this  important  machine. 

The  preceding  diagram  of  Mr.  Perkins's  new  high- 
pressure  engine  was  drawn  with  a  view  to  explain  its  mode 
of  action  at  one  view  ;  the  proportions  and  relative  situa- 
tions of  some  of  the  parts  are  not  strictly  correct,  and  as 
the  engine  is  one  of  considerable  elegance  and  simplicity, 
we  annex  a  copy  of  a  drawing  before  us,  which  has  been 
prepared  to  the  scale  underneath  it.     It  represents  an  ex« 
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ternal  cleralion  of  one  nf  the  sides,   supposed  at  righl 
angles  to  the  side  exhibited  in  the  fnregoiDg  diagnn. 


The  working  cylinder  is  represented  at  A  H  ;  thesleam 
from   (he   generators,   (before   described)   is    introdowJ 
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through  the  pipe  C  D,  by  a  valve  at  E.  At  F  is  a  cam, 
which,  by  the  rotation  of  the  main  axis,  operates  through 
the  medium  of  a  lever  6,  and  a  rod  S,  upon  the  valve  E  ; 
arrangements  being  made  for  cutting  off  the  steam,  at  any 
point  of  the  stroke.  K  is  another  lever,  which  being  ope- 
rated upon  by  another  cam,  opens  a  cock  at  each  revo- 
lution, by  which  a  jet  of  cold  water  is  thrown  into  the 
condenser  I.  N  is  the  condenser.  The  description  of  the 
preceding  diagram,  at  page  71  i,  renders  further  explana- 
tion of  this  figure  unnecessary,  in  which  the  accompanying 
scale  gives  all  the  due  proportions.  The  power  of  the 
engine  was  calculated  by  Mr.  Perkins  at  30  horses,  but 
it  was  not  satisfactorily  proved  to  produce  such  effects. 


Patent  Steam-boat  Engine^  by  Jacob  Perkins^  of  Fleet 

Street^  London.  1827. 

This  engine  is  a  modification  of  the  engine  described  in 
the  preceding  article,  and  adapted  to  steam  navigation. 
»  Fig.  I,  represents  an  elevation  of  one  side  of  the  engine, 
in  which  a  is  the  cylinder ;  b  the  steam  valve ;  c  the  con- 
necting rod  to  the  piston  rod  d,  and  the  crank  e,  on  the 
main  shaft y^  which  turns  in  plumiiier  blocks  g  g  ;  h  shews 
the  enlarged  end  of  the  cylinder,  which  is  in  this  instance 
at  the  top  of  the  cylinder,  instead  of  at  the  bottom,  as  in 
the  former. 

Fig.  3,  shews  a  continuation  of  the  engine,  tvith  parts 
corresponding  to  those  described  in  section;  the  steam 
valve  in  which  being  too  diminutive  for  explanation, 
is  described  in  fig.  3,  (page  719)  where  a  represents  a  lever, 
having  its  fulcrum  at  g  ;  this  lever  is  operated  upon  by 
the  revolution  of  a  cam  on  the  main  shaft  (/,  fig.  I) 
causing  it  to  draw  back  the  rod  6,  of  the  valve,  at  which 
the  steam  from  the  generators  (before  described)  is  ad- 
mitted  by  the  tube  A,  and  rushes  through  the  pipe  e,  into 
the  working  cylinder  c.  The  double  conical  joint  which 
connects  the  pipes  is  here  represented  as  screwed  together 
by  the  bolts  d  d,  which  enter  the  metal  of  the  cylinder. 

In^  this  engine,  Mr.  Perkins  purposed  to  use  the  steam 
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expansively,  at  the  enormous  pressure  of  two  thousand 
pounds  upon  the  square  inch,  and  to  cut  it  off  at  one  elf 
leenlh  part  of  the  stroke,  the  steam  acting  on  (he  under- 
side of  the  cylinder  only,  the  enlargement  of  (be  cylinder 
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(FIG.&> 


being  at  top,  where  the  egression  of  the  steam  takes  place. 
In  the  engine  from  which  these  drawings  were  made,  the 
pistons  were  six  inches  in  diameter,  and  had  a  twenty-inch 
stroke ;  the  power  was  hence  calculated  at  thirty  horses 
power,  or  fifteen  to  each  cylinder ;  and  Mr.  Perkins  offered 
to  guarantee  to  double  that  power,  by  using  double  the 
quantity  of  coals. 

It  is  much  to  be  regretted  that  this  really  ingenious  me- 
chanic should  have  uniformly  undertaken  to  perform  so 
much  more  than  his  predecessors  or  contemporaries,  since 
he  has  failed  to  produce  any  of  those  great  effects,  which 
were  so  confidently  held  forth  to  the  public,  and  without 
doubt  anticipated  by  himself  Nerertheless,  in  the  pursuit 
of  his  schemes,  many  excellent  modifications  of  the  minor. 
parts  of  engines  have  been  introduced  by  him,  which  en- 
titles him  to  rank,  in  history,  u  one  of  the  improvers  of  the 
steam  engine. 
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Patent  Expansion  Engine,  by  Jcu^ob  PerkinSy  London,  IS27. 

We  have  now  to  add  a  description  of  another  attempt, 
on  the  part  of  Mr.  Perkins,  to  obtain  the  utmost  effect 
from  the  expansion  of  steam,  on  the  principle  adopted  by 
Woolfe  and  Edwards,  many  years  back,  of  which  some  ac- 
count has  been  given  in  the  early  part  of  this  work. 

The  following  account  is  from  the  pen  of  a  corres- 
pondent in  a  periodical  journal,  from  whence  we  extract 
it  verbatim. 

^^  The  present  improvement  consists  in  a  novel  arrange- 
ment of  two  working  cylinders,  to  what  may  be  termed  a 
single-stroke  engine ;  these  cylinders  are  of  equal  length, 
but  the  internal  area  of  one  is  about  eight  times  that  of  the 
other.  The  steam,  at  a  pressure  of  about  one  hundred  at- 
mospheres (one  thousand  four  hundred  pounds  to  the  inch,) 
is  admitted  at  the  bottom  of  the  smallest  cylinder,  and  is 
cut  off  at  about  one-eighth  of  its  stroke ;  having  forced  op 
its  piston,  the  steam  rushes  through  a  short  bent  tube,  into 
the  upper  part  of  the  larger  cylinder ;  where  it  expands, 
and  forcing  down  the  large  piston,  escapes  near  the  bottoffi, 
through  lateral  openings,  into  the  condenser,  and  thence 
into  the  atmosphere  ;  while  the  steam  that  reroaias  in  the 
condenser  at  atmospheric  pressure,  is  condensed  by  a  jet 
of  cold  water,  so  as  to  produce  a  vacuum  therein.  Both 
pistons  act  nearly  at  the  same  time,  by  their  rods  being 
connected  to  cranks  above  them,  in  suitable  positions  on 
the  main  axis. 

*^  Fig.  1,  represents  a  front  elevation  of  the  engine,  and 
fig.  2,  a  side  elevation ;  similar  letters  of  reference  indi- 
cate similar  parts  in  each  figure,  a  is  the  large  cylinder; 
6  the  small  cylinder;  c  safety-valve  to  large  cylinder; 
d  safety-valve  and  weight  to  small  cylinder;  €€  the  piston 
rods; //connecting  rods;  A  an  eceentric;  fa  jointed  rod 
to  the  same;  g  a  crank,  which  works  the  rod  Ay  ^f  ^"^ 
forcing  pump  m ;  n  injection  cock  and  cold  water  ptp^>^^ 
condenser  v;  o  steam  pipe;  /  throttle-valve;  y  a  P<P^> 
leading  from  it  into  the  steam  valve  tf;  x  a  strong  sp'iDf 
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(FIG.  1.) 


for  closiDg  valve ;  q  fly-wlieel;  r  weight  tosafety*vahe  ef 
<  <  plummer  blocks  to  the  main  axle,  in  which  are  the 
cranks  1 1.  w  (fig.  9)  valve-box  and  escape  pipe  for  un- 
condensed  steam. 

*'  The  steam  from  the  pipe  o,  enters  the  throttle-valve  /« 
and  passing  through  the  tube  y,  and  the  valve  u,  enters 
the  lower  end  of  the  smalt  cylinder  6,  where  it  acts  upon 
the  under  side  of  the  piston,  and  forces  it  up  into  the 
enlarged  part  of  the  cylinder;  by  this  movement,  a  lateral 
aperture  is  opened  in  6,  through  which  the  ffteam  eacapM 
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along  a  curved  tube,  ioto  (he  upper  part  of  the  Iwge  cy- 
linder a;  bere  it  imUnlly  expanda,  and  PorceB  doffo  iht 
large  piston.  Now  tbe  crankx  1 1,  are  set  at  a  very  tcote 
angle  with  respect  to  one  another,  so  that  the  two  piitow 
shall  perform  their  up  strokes  and  their  down  strof^ 
nearly  together,  the  atoall  piston  being  always  a  little  in 
advance  of  the  large  one;  by  this  arrangement,  suncieai 
tine  ia  aSbrded  for  the  admiasioa  of  the  steam  into  (^^ 
small  cylinder,  and  the  discharge  of  it  into  tbe  otser- 
The  flame  slean:  having  thus  exerted  its  force  open  both 


r£RILIMtf*8  EPAK8ION   ENGINE.  783 

pistons,  escapes  at  the  bottom  of  the  large  cylinder  into 
the  condenser  t;,  and  from  thence  into  the  air,  while  that 
portion  that  remains  in  the  condenser,  from  having  ex- 
panded to  atmospheric  pressure,  is  condensed  by  a  jet  of 
cold  water,  which  effects  the  vacuum.  The  induction 
pipe  being  now  re-opened,  the  same  action  is  renewed, 
and  maintained  by  the  revolution  of  the  fly-wheel. 

"  The  injection  cock  and  pipe  are  shewn  at  n,  and  are 
worked  by  a  cord  attached  to  them,  and  passing  round  the 
cam  on  the  main  shaft.  The  piston  rods  e  e,  are  furnished 
with  guide-frames  and  anti-friction  wheels,  which,  being 
jointed  to  the  connecting  rodBff,  allow  the  latter  to  turn 
with  the  revolution  of  the  cranks,  and  produce  upon  the 
piston  rods  a  parallel  motion. 

^^  In  order  to  determine  and  regulate  the  quantity  ot 
steam  to  be  admitted  into  the  cylinder,  and  to  cut  il  off  at 
the  required  point,  Mr.  Perkins  has  adopted  a  very  simple 
contrivance :  near  one  extremity  of  the  main  axle,  there 
is  an  eccentric  A,  to  which  is  attached  the  rod  i;  this  rod 
is  joined  in  the  middle  by  a  hollow  and  solid  screw,  by 
which  its  length  is  adjusted.  This  rod  t,  passes  through 
a  guide,  and  opens  the  steam-valve  ic,  so  as  to  admit  the 
required  quantity  of  steam  for  working  the  engine;  a  very 
massive  and  strong  steel  spring  is  employed  to  shut  the 
valve,  after  it  has  been  opened  in  the  manner  described. 

^^  Between  the  lower  end  of  the  rod  t,  and  the  lever  of 
the  valve  u,  there  is  an  intermediate  bar  of  iron,  the  re* 
moval  of  which  renders  the  rod  «,  too  short  to  act  upon 
the  vaLre;  by  which  means  the  engine  may  be  instantly 
stopped  at  pleasure* 

'^  As  the  steam  is  condensed^  it  is  drawn  out  of  the  con- 
denser v,  by  means  of  the.  forcing  pump,  which  disdiarge^ 
it  through  the  pipe  j>,  iato  the  generators,  for  the  re-pro* 
duction  of  vapoar.'* 
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Patent   Rotary   Steam   Engine,   by   Paul   Steenatrup,  tf 
Basing  Lane.     1828. 

The  above  dia^^m  exhibits  a  vertical  sectioa  of  the 
engine,  a  ia  the  section  of  a  cylinder  accurately  taraed, 
and  boiled  at  each  end  to  a  plate  i,  ground  perfectly  B»- 
c  is  a  smaller  cylinder,  to  which  is  attached  a  reclanful*'' 
piston  d;  this  piston  has  a  metallie  packing,  similar  to 
that  in  Mr.  Galloway's  engine  (described  page  37,  vof.  I, 
N.  S.) ;  e  is  the  shaft  or  axis,  secured  by  screws  to  the 
small  cylinders,  and  turning  in  stuffing-boxes ;/ a  Bli<Ie 
moving  in  circular  grooves,  cut  in  each  end-piece  of  the 
cylinder,  and  in  a  steam-tight  box  j  A  is  a  lever  connected 
by  gearing  to  the  shaft  of  the  engine,  and  serving  to  dnv 
up  the  slide  into  the  box,  in  order  to  allow  the  pistoo  to 
pass.  The  slides  are  portions  of  a  circle,  of  which  Ike 
axis  of  the  lever  A,  is  the  centre ;  ifc  is  the  steam  valve,  sod 
the  holes  /,  the  eduction  passage. 

The  action  is  as  follows  t— The  slide  /,  being  down, 
and  resting  on  the  interior  cylinder,  and  the  piston  ia  tw 
position  shewn  in  the  drawing,  the  steam  ia  adoiitled  by 
the  valve  k,  which  impels  the  piston  in  the  direction  of 
the  arrow ;  and  when  the  piston  arrives  near  to  the  e"'^' 
lion  passage,  the  steam  is  cut  off,  and  the  piston  h  etrrifa 
,^past  the  eduction  passage  by  the  impetus  of  a  fly-"''^' 
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on  the  shaft  of  i  he  engine,  the  slide  being  previously 
raised  into  the  box,  to  allow  the  piston  to  pass;  when  the 
piston  has  passed,  the  steam  is  re-admitted,  and  the  ope- 
ration repeated  and  continued. 

In  the  case  of  an  engine  that  never  requires  its  motion 
to  be  reversed,  only  one  slide  and  one  steam  valve  be- 
come necessary;  but  if  the  power  of  reversing  the  action 
of  the  engine  is  required,  there  must  be  two  slides,  and 
two  steam  passages,  as  shewn  in  the  drawing. 

The  leading  arrangements  in  this  engine  have  consider- 
able similarity  to  Mr.  Galloway's  engine,  described  at 
page  287,  and  to  that  of  the  Marquis  deCorobis,  described 
at  page  380 ;  the  variation  introduced  by  Mr.  Steenstrup 
of  a  curved  slider,  appears  to  us  not  to  possess  the  advan- 
tages of  the  rectilineal,  adopted  by  the  before-menti  ined 
inventors,  on  account  of  the  difficulty  of  fitting  the  curved 
parts  to  each  other,  with  sufficient  accuracy  to  prevent  the 
waste  of  steam.  The  mode  of  packing  the  piston  has  the 
common  defect  of  inadequately  compensating  for  the  wear 
at  the  two  extreme  rubbing  angles.  We  have  not  heard 
that  this  engine  has  ever  been  put  in  operation,  but  we 
make  no  doubt  that,  with  some  trifling  variations,  it  may 
be  made  to  perform  well. 

Patent  Rotary  Engine^  by  John  Evatis,  Jun.  of  Walling- 

fordy  Berks.    1828. 

This  engine  is  composed  of  a  long  cylinder  a  a,  laid 
horizontally,  and  divided  into  two  equal  parts  by  a  disk, 
or  broad  flanch  6,  in  the  interior;  in  each  department  is 
a  drum  <f,  composed  of  two  concentric  cylinders,  cast  in 
one  piece,  and  a  channel  e,  is  formed,  extending  the 
length  of  the  drum,  and  reaching  from  the  larger  to  the 
smaller  cylinder,  the  object  of  which  is  stated  to  be  to  o6- 
tain  greater  surface.  Through  these  drums  passes  an  axis 
/,  with  small  projecting  feathers,  fitting  into  correspond^ 
ing  grooves  in  the  interior  cylinder  of  the  drum,  which 
thus  comes  round  the  axis.  Attached  to  the  periphery  of 
(lie  drum,  by  a  hinge,  is  a  flap  or  piston  g,  which  is  of 
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BomewfaBt  grater  diameter  than  the  channel  k,  left  be- 
tween the  drum  and  the  exterior  cylinder  a,  and  placed 
immediately  over  the  cleft  or  channel  e.  The  dmiiH  u? 
pressed  against  the  disk  b,  by  the  end  plates  k,  of  the 
same  diameter  as  the  cylinder  a,  and  having  their  upper 
surface  bereUed  round  the  rim,  to  receive  the  pacliing, 
which  is  covered  by  a  flat  hoop,  pressed  down  by  a  Eborl 
cylinder  I,  by  screws  ncrewing  into  the  flanch  of  a,  so  thai 
no  steam  can  escape  between  the  drum  and  the  disk  A,  or 
the  end  plates  k.  The  drums  must  be  so  placed  on  the 
shaft/,  Uiat  when  the  cleft  e,  of  one  drum  is  on  the  bighe«l 
part  of  the  shaft,  that  on  the  other  drum  shall  be  on  ibe 
lowest  part  of  the  shaft.  Along  the  upper  aide  of  the  cy- 
linder a,  iA  fixed  a  groove,  through  which  desceodi  ■ 
stout  BhuttM-,  on  to  the  drum  or  abutment  nt,  dcd  «i>h 
brav,  and  having  above  it  a  packing  of  hemp  n,  covereJ 
with  a  pkite  of  metal,  pressed  down  by  the  screws  o. 
The  steam  is  admitted  by  the  steam  pipep,  into  the  steia 
box  q,  (of  which  there  are  two,  one  to  each  driuu,)  fur- 
wished  with  a  slide  valve  r,  regulated  by  an  eccentric  m 
the  axis;  «  is  the  eduction  pipe.  The  steam  being  ad- 
mitted into  one  compartment,  acts  against  the  shutter  A 
and  the  piston  9,  and  causes  the  drum  aad  shaft  lo  1^ 
volve;  when,  by  the  revolution  of  the  drum,  the  piston  of 
the  other  drum  is  carried  past  the  aperture  in  the  sM" 
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box  gy  the  steam  is  admitted  to  it,  and  fthut  off  from  the 
irst  compartment,  and  the  revolution  of  the  sh^ft  is  thus 
continued,  by  the  admiasion  of  sleara  iftta  each  compart- 
ment alternately,  during  half  a  revolution.  The  eduction 
pipe  may  communicate  either  with  the  condenser  or  the 
atmosphere. 

This  invention  is  so  similar,  in  its  general  features,  to 
numerous  rotatory  engines  before  proposed^  that  we 
should  not  have  given  it  a  place  in  our  work,  had  it  not 
been  to  notice  an  error,  into  which  we  sii^uld  have 
thought  it  impossible  for  a  person  describing  himself  as 
an  engineer  to  falL  We  allude  to  the  forming  of  the 
cleft  €,  "  to  obtain  greater  surface ;''  by  which  it  is  under- 
stood, that  the  steam  will  act  upon  the  surface  of  the  cleft, 
as  well  as  upon  the  piston  9,  whilst  the  steam  expended 
will  be  merely  that  comprised  in  the  space  between  the 
drum  and  the  cylinder  a. 

It  will  be  needless  to  observe,  that  the  steam  acting 
upon  each  side  of  the  cleft,  can  have  no  tendency  to  forca 
the  piston  either  way ;  and  the  error  is  the  same,  as  if  we 
were  to  endeavour  to  augment  the  power  of  Bramah's 
press,  by  increasing,  not  the  diameter  of  the  rim,  but  that 
of  the  cylinder  containing  it. 

Patent  Steam  Engine^  by  Samuel  Clegg^  ofldverpooL  182B. 

This  engine  is  intended  to  afford  a  compensation  for 
the  variation  of  the  pressure  of  steam,  used  expansively, 
in  the  piston,  by  causing  a  weight  to  be  elevated  so  as  to 
cause  a  gradually-diminishing  resistance,  which  weight 
again  re-acts  on  the  engine  with  a  power  gradually  in- 
creased to  its  maximum.  The  operating  vessel,  in  which 
the  piston  moves,  consists  of  half  a  hollow  ring,  the  trans- 
verse section  of  which  is  square,  with  ooe  of  the  angles 
directed  towards  the  centre.  This  semi-annular  vessel  is 
placed  vertically,  with  its  two  extremities  in  a  horizontal 
line;  and  the  piston  is  made  to  traverse  it  in  the  same 
curve,  by  being  attached  to  one  end  of  a  solid  half  ring, 
of  the  same  form  as  the  interior  of  the  vessel,  and  nearly 
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of  the  same  size,  which  perforins  the  office  of  a  piaton  rod, 
and  which  guides  the  piston  in  its  circular  course,  by  ha?- 
ing;  its  other  more  remote  extremity  united  to  a  strong 
arm,  which  proceeds  in  the  radial  line,  from  a  stout  hori- 
Kontal  axle,  that  is  placed  in  the  centre  of  the  circle,  (of 
which  the  curvature  of  the  semi-annular  veasel  forms  the 
moiety,)  at  right  angles  to  its  plane.    The  strong  radial 
arm  passes  across  through  the  end  of  the  solid  piston  con* 
nector,  and  there  are  placed  in  it  two,  three,  or  more  flat 
cylindrical  weights,  that  haVe  perforations  in  their  centres 
for  it^  reception ;  the  number  of  these  weights  is  regulated, 
according  to  the  degree  of  the  primary  pressure  of  (he 
steam  employed,  which  they,  together  with  the  solid  piston 
connector,  are  intended  to  compensate  as  before-mentioned; 
this  they  perform  by  pressing  most  on  the  piston,  when  tbejr 
approach  close  to  the  end  of  the  semi<*annular  vessel  (at 
which  time  the  piston  is  at  its  other  extremity),  and  as 
they  arise  in  their  circular  track,  and  the  radial  arm,  to 
which  they  are  attached,  more  and  more  ascends  from  a 
horizontal  position  to  one  that  is  vertical,  their  pressure 
on  the  piston  gradually  diminishes  until  it  entirely  ceases^ 
when  the  radial  arm  is  situated  as  last-^mentioDed.    To 
connect  this  engine  with  a  fly-wheel,  two  other  radial 
arms  proceed  from  the  main  axle  before  noticed,  nearly 
at  right  angles  to  each  other,  and  having  strong  pivots 
fixed  at  right  angles  to  them  on  their  outer  extremities; 
rollers  are  placed  on  these  pivots,  which  facilitate  (heir 
action  on  the  upper  internal  side  of  a  hollow  vertical  tri- 
angular  frame;  the  lower  angle  of  which  is  placed  per- 
pendicularly beneath  the  main  axle,  and  near  the  iim^r 
side  of  the  semi-annular  vessel,  where  it  is  attached  to  a 
horizontal  pivot,  that  lies  parallel  to  the  main  axle;  and 
at  the  inner  upper  side  of  this  triangular  frame,  a  large 
rounded  projection  is  placed  between  the  two  rollers  just 
mentioned,  that  performs  the  oflice  of  a  tooth  on  a  large 
scale,  in  which  the  rollers  act,  as  well  as  on  the  internal 
radial  sides  of  the  triangular  frame,  and  are  again  re- 
acted on  hy  them,  as  the  piston  apparatus  performs  its 
alternating  movements,  in  conjunction  with  the  revolu- 
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tions  of  the  fly-wheel;  to  a  crank  on  the  axle  of  which,  a 
connecting  bar  passes  forwards  from  a  pivot  at  the  top  of 
the  triangular  frame. 

The  engine,  in  the  state  described,  is  analogous  to  a 
single  steam  engine,  and  will  of  course  not  act  so  favoura- 
bly on  the  fly-wheel  as  a  double  one;  to  obtain  the  ad- 
vantage of  which  latter,  a  second  engine,  constructed  in 
all  respects  similar  to  that  described,  is  connected  in  the 
same  manner  to  the  same  main  axle,  but  in  a  reversed  po- 
sition, close  to  the  side  of  the  first,  so  that  the  movements 
of  the  pistons  of  the  two  alternate  in  opposite  directions ; 
the  ends  of  the  semi-annular  vessels,  through  which  the 
piston  connectors  pass,  being  opposite  to  each  other,  and 
the  radial  arm  of  the  latter  (by  which  its  piston  connector 
acts  on  the  main  axle)  being  at  right  angles  to  that  of  the 
radial  arm  of  the  former,  when  the  compensating  weights 
of  one  engine  are  rising,  those  of  the  other  will  descend, 
and  when  they  are  descending,  the  reverse  will  occur  with 
the  others. 

Engines  of  this  kind  may  be  worked  by  steam  from 
boilers  of  any  approved  construction,  which  must  be  ecm- 
veyed  into  the  ends  of  their  semi-annular  vessels,  that  are 
most  remote  from  those  through  which  the  piston  connec- 
tors pass ;  and  from  the  same  ends  tubes  must  proceed  to 
the  condenser,  or  to  the  open  air,  whichever  is  most  suit- 
able to  the  application  of  the  engine;  these  ends  must  of 
course  be  closed  by  steam-tight  lids,  while  the  opposite 
ends  are  to  have  stufiin^-boxes,  to  shut  up  the  narrow  in- 
terval between  the  solid  piston  connectors  and  the  mouths 
of  the  semi-annular  vessels;  the  valves,  and  the  apparatus 
for  working  them,  may  be  of  any  approved  construction. 

We  fear  much  that  the  compensating  appendages  intro- 
duced by  Mr.  Clegg,  will  by  no  means  compensate  for 
their  cumbersomeness  and  inconvenience,  especially  as  so 
little  can  possibly  be  gained  beyond  that  of  a  judiciously- 
proportioned  common  engine,  working  expansively;  the 
attempt  is,  however,  praiseworthy,  and  the  arrangements 
proposed,  novel  and  ingenious. 

SI.  5  a 
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Patent  Sleam  and  Atmospheric  Engine^  by  ThoMO*  Tippet, 
qfGiveunap,  Comivall.   1838. 

The  above  diagram  is  explanatory  of  a  new  modifica- 
tioii  of  (he  steam  engine  by  a  practical  engineer;  it  com- 
bines the  principles  of  the  hiirh-pressure,  working  partly 
by  expansion,  the  condt>nsing,  and  the  atmospheric  en^in«. 

There  are  two  working  cylinders,  one  termed  the  air 
cylinder,  and  marked  i,  the  other  Ihe  steam  cylinder, 
and  marked  I,  ss  those  figures  denote  (he  proportionate 
capacities  of  the  (wo;  the  pistons  in  each  work  together 
in  the  same  direction;  their  rods  a  and  6,  arc  therefore 
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connected  to  the  reciprocating;  beam  c  c,  upon  one  side  of 
the  fulcrum,  and  at  the  end  of  the  beam  on  the  other  side 
(not  shown),  the  power  is  communicated,  by  means  of  a 
rod  and  crank,  to  a  fly-whsel,  the  momentum  of  which 
g^ives  motion  to  whatever  machinery  may  be  connected 
to  it. 

The  air  cylinder  4,  is  open  at  top  to  the  atmosphere, 
but  closed  at  bottom;  the  steam  cylinder  I,  is  closed  at 
both  ends ;  d  is  a  pipe  communicating  from  the.  top  of  the 
steam  cylinder  to  the  bottom  of  the  air  cylinder  4,  by  the 
valve  box  e;  /and  g  are  also  valve  boxes,  for  supplying 
and  cutting  oiT  the  steam  on  each  side  of  the  piston  in  the 
steam  cylinder  1  ;  h  h  is  an  eduction  pipe  from  both  cy- 
linders, leading  to  the  condensers  k;  at  /  is  a  valve  in  the 
pipe  It,  leading  from  the  condenser  to  the  air^ipump  o, 
worked  by  a  rod/>,  attached  to  the  beam  c;  9  is  a  rod,  by 
which  the  apparatus  connected  with  the  valves  are  worked, 
but  which  is  not  introduced  into  the  drawing,  <\s  they  are 
of  the  ordinary  construction;  the  steam  from  the  boiler  is 
received  at  r,  for  working  the  engine. 

In  setting  the  engine  to  work,  steam  is  allowod  to  blow 
through  the  engine  in  the  usual  manner,  to  expel  the  air 
and  heat  the  cylinders;  the  action  is  commenced  by  open- 
ing the  communications  with  the  lower  ends  of  the  cylin- 
ders for  supplying  them  with  steam  under  cheir  pistons; 
the  eduction  valves  leading  to  the  condenser  are  then 
opened,  by  which  means  the  steam  is  condensed,  and  a 
partial  vacuum  effected  under  both  pistons.  At  that  in- 
stant, steam  at  a  high  pressure  is  introduced  at  f,  above 
the  piston  in  cylinder  I,  which  forces  down  its  piston,  and 
as  the  atmosphere  at  the  same  time  presses  down  the  piston 
in  cylinder  4,  they  are  thus  propelled  together.  This 
action  leaves  the  atmosphere  pressing  upon  the  piston  at 
the  bottom  of  the  cylinder  4,  and  cylinder  1  full  of  steam. 
To  overcome  these  opposing  forces,  and  reverse  the  actiofi 
of  the  pistons,  the  communication  between  the  upper  ei  d 
of  cylinder  1,  and  the  lower  end  of  cylinder  4,  is  opened, 
while  steam  from  the  boiler  is  introduced  at  g^  under  the 
piston  in  cylinder  1 ;  the  excess  of  force  of  the  fresh  steam 
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drives  the  small  pii^ton  upward,  while  the  steam  that  wai 
above  the  same,  acting  expansively,  overcomes  the  pres- 
sure  of  the  atiuospl.<;re  in  the  cylinder  4,  driving  its  piston 
also  upward.  Both  pistons  being  again  at  the  top  of 
their  respective  cylinders,  the  steam  underneath  tbem  is 
again  condensed,  and  the  downward  stroke  repeated,  bj 
the  united  force  of  high-pressure  steam  and  that  of  the 
atmosphere,  in  the  manner  already  descriood. 


Patent  Steani  Engine^  by  Jolm  Udnyy  M.D.    Limehouse. 

182G. 

This  is  an  engine  on  the  high-pressure  plan,  and  con- 
sists of  three  cylinders,  all  attached,  by  their  piston  roA^ 
and  parallel  motion,  to  one  end  of  the  working  beam ;  two 
of  these  vessels  are  smaller  than  the  third,  and  are  placed 
in  the  same  vertical  plane,  so  that  one  rod  serves  for  both 
pistons,  by  passing  through  a  stuffing-box  between  the 
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upper  and  the  lower  cylinders.  These  cyliniers  are 
marked  a  and  6,  and  the  third,  or  great  cylinder,  c.  The 
two  first  cylinders  receive  the  steam  in  succession  from 
the  boiler,  and  from  them  it  enters  the  larger  one  c,  and 
expands  into  a  greater  volume,  dy  e,  and/,  are  the  three 
pistons,  with  their  respective  rods,  which  being  on  one 
side  of  the  beam,  consequently  rise  and  fall  together,  h  is 
a  pipe  from  the  boiler,  from  which  a  branch  pipe  passes 
to  each  of  the  first  action  cylinders  a  and  6,  entering  a  at 
its  bottom,  and  b  at  its  top ;  so  that  the  steam,  as  it  is  pro- 
duced, will  act  on  the  under  surface  of 'the  piston  cf,  and 
on  the  upper  face  of  e.  t  and  j',  are  two  pipes  from  the 
top  and  bottom  of  a  and  b  respectively,  to  a  pipe  k,  com- 
mon to  both,  by  which  any  steam  that  may  remain  in  a  or 
6,  after  the  final  expansion,  is  conveyed  into  the  main 
tube  /,  whence  it  escapes  into  the  atmosphere,  m  and  n 
are  two  pipes  from  the  opposite  ends  of  the  cylinder  c, 
and  connected  to  the  main  tube  /. 

By  these  arrangements,  a  communication  is  alternately 
opened  between  the  spaces  on  each  side  of  the  piston/,  in 
the  cylinder  c,  and  the  atmosphere,  o  and  p  are  pipes 
from  the  cylinders  a  and  &,  to  a  valve-box,  from  which 
branches  the  pipes  ^  and  r,  which  open  into  both  ends  of 
the  expansion  vessel  c ;  and  by  them  the  elastic  vapour 
which  had,  in  the  first  instance,  acted  in  a  and  b,  is  con** 
veyed  into  c  successively,  on  both  sides  of  the  piston. 
s  and  t  are  pipes  leading  from  one  end  of  each  of  the  cy« 
linders  a  and  A,  to  the  other  respectively;  and  by  them 
the  dense  steam  is  permitted  to  expand  from  the  side  of 
the  pistons  d  and  6,  in  which  it  had  operated,  from  the 
boiler,  to  the  opposite  sides,  so  as  to  equalise  the  density 
and  pressure  in  these  two  vessels. 

Now  suppose  the  pistons  are  required  to  ascend  ;  then 
the  branch  of  the  pipe  A,  which  conducts  the  steam  from 
the  boiler  to  beneath  the  piston  d,  and  the  pipe  t,  from 
above  that  piston  to  the  air,  the  steam  will  therefore  force 
up  the  piston  d,  with  its  full  power,  as  it  is  produced  (less 
the  atmospheric  pressure)  as  is  the  case  in  the  present  high- 
pressure  engine ;  but  at  the  time  that  this  is  taking  place, 
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the  steam  which  had,  in  the  former  stroke,  forced  down  (lie 
piston  e^  and  which  after  having  so  depressed  it,  at  Ike 
commencement  of  the  movement  just  described,  existed 
above  the  piston,  in  a  dense  state,  will  be  suffered  to  dilate 
by  the  pipe  t,  and  pass  under  the  piston,  so  as  to  make 
equal  pressure  on  both  of  its  surfaces,  and  admit  of  its 
beings  carried  back  to  the  top  of  its  cylinder,  without  aoj 
material  opposition.  The  concentrated  steam  is  also 
allowed  farther  to  expand  through  the  pipes  p  and  r,  oi 
the  under  surface  of  the  piston/*,  having  the  internal  sar- 
face  of  the  cylinder  6,  as  a  fixed  point  of  abutment,  and 
the  pipes  m  and  /  being  open  to  the  air,  the  piston/will 
be  raised  with  the  full  expansive  effort  of  the  elastic  n- 
pour.  "Thus,'*  (says  the  patentee)  "both  the  power  of 
the  steam,  as  it  increases  in  quantity,  and  its  inherent  pro- 
perty of  expansibility,  are  at  the  same  time  and  constaotly 
obtained.''  To  produce  the  descent  of  the  pistons,  tbe  re- 
verse set  of  pipes  to  those  named  will  be  opened  and  those 
already  mentioned  shut,  which  it  is  needless  to  deacribe 
more  at  length. 

The  inventor  estimates  the  relative  value  in  power  of 
the  common  high-pressure  engine,  and  his  improved  on^j 
in  the  following  manner  : 

"  Liet  it  be  imagined,  that  the  piston  of  the  ordinary  en- 
gine, and  the  first-action  pistons  of  the  new  engine,  eaca 
to  contain  one  hundred  superficial  inches  ;  and  thatstean 
of  forty-five  pounds  per  inch,  over  the  atmospheric  pres- 
sure, is  in  each  case  employed;  then  the  \\ hole  power  of 
the  old  engine  would  be  four  thousand  five  hundred 
pounds,  exclusive  of  friction  ;  and  the  same  would  be  the 
product  of  the  first  operation,  in  the  improved  machine. 
But  steam  of  this  density  (sixty  pounds)  will  dilate  on 
four  times  the  surface,  (the  stroke  being  the  same)  and 
still  balance  the  atmosphere;  we  have  therefore  to  aao 
the  mean  between  45  and  0,  on  four  hundred  inches,  or 
twenty-two  and  a  half  pounds  per  inch,  which  will  beequ» 
to  nine  thousand  pounds  more.     If  five  hundred  pounds 
be  taken  off  for  friction  in  the  present  used  engine,  (o^^ 
thousand  pounds  will  remain ;  and  if  three  thousand  five 
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hundred  pounds  be  allowed  from  this  one  for  the  same  riea- 
son,  no  less  than  ten  thousand  pounds  will  be  left ;  and 
large  and  ample  as  this  deduction  for  friction,  &c.  is,  if 
even  two  thousand  pounds  more  be  subtracted,  the  power 
of  this  machine  would  be  double  that  of  the  present  one, 
from  the  same  fuel ;"  and  he  fbrther  adds,  that  ^^  in  the  con* 
densing  modification  of  the  engine,  the  result  will  be  still 
greater,  and  such  application  of  the  principle  will  be  easily 
conceived." 

Mr.  Udny's  arrangement  is  both  novel  and  curious, 
but  we  are  not  convinced  by  his  argument  that  any  gain 
in  effect  results  therefrom.  He  claims  for  himself  the 
having  obtained,  ^^  both  the  power  of  the  steam,  as  it  in- 
creases in  quantity,  and  its  inherent  property  of  expan« 
sibility  at  the  same  time,^'  whereas  those  powers  are  already 
obtained  in  the  common  high-pressure  engines,  working 
expansively,  which  they  generally  do  to  a  greater  or  less 
extent ;  and  from  the  superior  simplicity  of  the  latter, 
there  is  much  less  friction,  and  the  cost  of  construction 
much  less. 

The  same  gentleman  included  under  his  patent  a  de- 
scription of  a  rotary  engine,  which  was  intended  to  operate 
by  the  gravity  of  a  fluid,  or  metal  that  is  fusible  at  the 
boiling  point  of  water,  acting  on  the  circumference  of  a 
wheel,  and  which  is  propelled  from  one  vessel  at  or  near 
the  bottom  of  the  said  wheel,  by  the  power  of  steam,  into 
another  vessel  at  the  top,  in  the  following  manner : — 

*'  In  the  annexed  figure  is  an  axle  or  gudgeon,  which 
must  be  fixed ;  at  one  end  it  is  hollow,  up  to  the  inside 
nave,  where  the  wheel  revolves,  which  hollow  is  divided 
into  two.  The  mouth  of  one  of  those  openings  points 
upwards,  and  the  other  downwards ;  or  two  pipes  run  into 
this  axle  as  far  as  o  and  x;  the  first  being  from  the  con- 
denser, or  atmosphere,  and  the  second,  Xj  from  the  boiler. 
In  another  part  of  this  axle,  at  m,  a  perforation  runs 
through  the  axle.  On  this  axle,  or  gudgeon,  is  strung  a 
double  wheel,  which  rotates  freely  on  it;  one  of  the  naves 
of  the  said  wheel  being  over  the  mouth  of  the  holes  o  and 
x^  and  the  other  revolving  at  ifi.    This  double  wheel  has 
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cylinders  (any  namber)  placed 
between  its  side  at  the  circum- 
ference, every  two  being  oppo- 
site ;  the  ends  of  these  cylinders 
being  at  the  internal  part  of  the 
rim  of  each  wheel,  as  B  and  C. 
In  them  may  be  pistons,  as  1 
and  2.  Pipes,  which  may  be 
the  arms  or  spokes  of  the  wheel, 
are  to  ran  from  one  cylinder  to 
the  other,  at  each  end  of  said 
cylinders;  and  thus  each  radius 
will  be  alternately  the  steam 
pipe  and  the  eduction  one,  as  it 
comes  to  the  pipe  over  the  axle 
marked  o,  to  the  condenser  un- 
der the  hole  marked  x,  the  mouth 
of  the  pipe  to  the  boiler.  No 
valves  will  be  necessary,  but  a 
cock,  to  shut  off  the  steam  from 
the  axle  when  wished. 

^^  Now,  suppose  C  to  have 
come  to  the  bottom  full  of  fluid, 
the  gravity  of  which  will  have 
turned  the  wheel  into  the  now 
imagined  position.  The  pipe], 
will  then  present  its  opening  to  the  mouth  of  the  pipe  in 
the  axle  x^  leading  from  the  boiler ;  while  the  mouth  of 
the  pipe  8,  will  be  in  contact  with  the  mouth  of  the  pipe 
0,  in  the  axle,  leading  to  the  condenser.  A  vacuum  will 
therefore  exist  on  one  side  of  the  piston  7,  in  B,  mnd  the 
steam  will  pour  into  C,  in  the  direction  of  the  arrow  br- 
hind  its  piston  6,  forcing  it  along,  and  propelling  the  fluid 
on  the  other  side  of  it,  up  the  pipes  S  and  4,  into  B.  When 
B  comes  to  the  bottom,  the  reverse  will  take  place ;  2  will 
be  opposite  the  mouth  of  the  steam  pipe  x,  and  1,  the 
eduction  one,o.  The  steam  will  flow  into  B,  and  the 
be  propelled  from  it  up  to  C,  and  so  on«^* 


. 
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Patent  Steam  Engim^  without  PistanSy  by  R   Williams ^ 
of  Tabernacle  ffalk^  London.  1829. 

The  object  of  the  patentee  is  to  obviate  the  expensive 
urear  aadiattendant  friction  of  metallic  or  packed  pistons, 
moving  in  cylindera;  and  this  he  effects  by  having  his 
steam  cylinders  open  at  one  end,  and  inserted  in  a  vessel 
of  dense  fluid,  which  will  r0qiure  a  ipuch  greater  heat  to 
convert.it  intp  vapoinr  than  water;  so  that  steam  being 
admired  successively  into  the  cylinders,  three  in  number, 
which  are  attached  by  rods  to  a  three-throw  crank,  they 
are  forced  j^p  iii  succession,  and  give  motion  to  a  sha^) 
which  may  be  attached:,  in  the  usual  way,  to  any  mac^ir 
nery  required  to  be  put  in  motion* 

The  drawings  attached  to  the  specification  of  this  pa- 
tent^epre^nt,  situated  over,  a  furnace,  an  tyblong  boiler, 
about  half  filled  with  water,  the  remainder  being  occu- 
pied with  steam.  Above  the  boiler  is  bolted  thereto, 
by  means  of  projecting  flanges,  the  dense  fluid  Vessel,  of 
the  same  area,  but  of  greater  dej^th  'than  the  boiler.  To 
the  bottom  of  the  upper  vessel,  (wMdiis  aboot  t^^o-^thirds 
filled  with  oi^)  are  fixed,  in  ai  vertical  positiolii,  three 
steam  reservoirli,  of  a  cylindrical  fofra,  with  henoid[iherical 
topsyatid  the  steam  is  supplied  to  th^iiftirfrom  the  boiler 
nnderlieath,  thro\igh  apertures  regulated  by  sliding-valves. 
Over  each  of  these  reservoirs  are*  placed  three  inverted 
vessels  (or  substitutes  for  pistons),  whieh  aihe  of  consider-* 
ably  greater  capacity,  their  upp^p  extreraitiefi,  which  are 
hemis^erical,  being  attached  to  the  rods  of  the  three* 
thro.w  craiik-  before«mentioned.  In  the  upper  part  of 
these  vessels  are  valves  for  the  escape  of  the  9team^>which 
typen  when  their  stems  strike' against  the  top  Of  the  oil- 
vessel,  and  the  steam  thus  discharged  over  the  surface  is 
oarried  off  by  a  lateral  pipe  into  a  condenser. 

'Supposing  one  of  the  three  vessels  (which  are  raised 
and  depressed  successively  by  the  rotation  of  a  crank)  to 
be  submerged  in  the  oil,  and  at  its  lowest  ooint  of  descent, 
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it  thereby  opens  a  conical  valve  in  the  upper  part  of  tk 
steam  reservoir,  which  it  encloses,  or  ^'caps  overf'tk 
steam  passing  then  out  of  the  reservoir  into  tbeextemil 
vessel,  raises  the  latter  with  a  force  equal  to  the  difference 
between  the  specific  gravity  of  the  cylinder  full  of  steam, 
and  the  oil  (or  other  dense  fluid)  in  which  it  is  immersed, 
and  through  the  instrumentality  of  the  three-throw  crank, 
each  of  the  cylinders  is  brought  successively  to  operate 
in  the  same  manner. 

We  suspect  the  patentee  has  overrated  the  imperfec- 
tions of  steam  engines  of  the  usual  construction,  as  well 
as  the  power  to  be  derived  from  his  own,  which,  to  pn^ 
duce  an  effect  equal  to  an  engine  of  the  common  constrD^ 
tion,  of  forty  or  fifty  horses  power,  would  require  to  be 
made  of  a  very  inconvenient  magnitude.* 


Rotary  Steam  EngiBe^  by  Thomas  Smithy  Derb^.  ISS9 

This  engine,  which  displays  much  ingenuity,  differs fron 
all  other  rotary  engines  in  its  having  no  fixed  fulcrum  for 
the  steam  to  act  against;  but  it  has  two  vanes  or  pistons 
turning  upon  axes,  whose  centres  of  motion  are  coincident 
with  each  other,  and  with  the  axis  of  the  cylinder  into 
which  they  fit  steam-tight.  The  axes  of  these  two  vanes 
or  pistons  are  connected  by  a  train  of  eccentric  toodied 
wheels,  which  cause  them  to  revolve  with  different  veli^ 
cities,  so  that  the  pressure  of  steam  between  the  vanes  ctf 
take  place  with  their  moving,  and  having  got  tothatposi- 
tion  when  the  vane  which  was  moving  quickest,  passes tv 
eduction  pipe,  and  the  one  which  was  movins:  slowest; 
passes  the  supply  pipe,  situated  about  one-sixth  of  the 
circumference  of  the  cylinder  from  the  eduction  pip^  ^^^ 
position  of  the  wheel  work  is  so  far  changed,  that  theiitst 
vane  then  moves  slowly,  and  the  second  quickly ;  aod  uv 
a  continuous  rotary  motion  is  produced,  which  may  1^ 
npplied  to   give  motion  to  machinery,  or  io  pumptH 

*  A  drawing  of  this  engine  is  given  in  the  Register  of  Art%*^ 
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water,  if  motion  be  communicated  to  the  apparatus,  and 
the  supply  pipe  made  to  communicate  with  the  water  to 
be  raised. 


Patent  Steam  Engine^  by  Elijah  Galloway ^  of  London.  I8S9. 

The  improvements  here  contemplated  consist  of  arrange- 
ments, by  which  a  continuous  rotary  motion  is  obtained 
from  an  alternating  circular  motion  of  a  piston  or  flap, 
vibrating  within  a  hollow  cylinder,  on  an  axis  coincident 
with  the  axis  of  the  cyliiuler.  The  piston  in  this  instance 
is  a  rectangular  flap,  whose  length  is  equal  to  the  interior 
length,  and  its  breadth  equal  to  the  radius  of  the  cylinder. 
Three  sides  of  the  piston  are  made  to  fit  the  interior  of 
the  cylinder  steam-tight,  by  metallic  or  other  packing, 
and  the  fourth  side  is  attached  to  an  axis,  with  which  it 
vibrates,  making  about  three  fourths  of  a  revolution  at 
each  vibration.  It  is  scarcely  necessary  to  remark  here 
that  the  steam  is  admitted  on  the  opposite  sides  of  the  pis- 
ton, alternately  through  the  medium  of  a  two-way  cock, 
or  shifting  valve,  acted  upon  by  the  motion  of  the  appa- 
ratus. The  force  of  the  steam  thus  exerted  upon  the  pis- 
ton is  transmitted  to  a  fly-wheel,  and  thence  to  any  required 
purpose,  in  the  following  manner : — To  one  end  of  the 
piston  axis,  which  is  passed  through  the  end  of  the  cylin- 
der, is  fixed  a  crank,  which,  by  acting  in  a  longitudinal 
slit,  in  the  middle  of  a  lever  moving  on  a  fixed  pivot  at 
one  end,  alternately  elevates  and  depresses  the  other,  and 
thus  through  the  medium  of  a  connecting  rod,  communi- 
cates m  ^    n  to  the  fly-wheel. 

Although  this  engine  is  ihe  invention  of  the  author  of 
the  ^^  History,"  or  first  part  of  this  work,  we  have  not  had 
an  opportunity  of  seeing  it  in  action;  we  are  however  ere-* 
dibly  informed  that  its  performance  is  very  satisfactory  :— 
The  foregoing  brief  description  is  given  after  having 
perused  the  specification  of  the  patent  at  the  Enrolment 
OflSce. 
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P%teni  Steam  Engine,  by  Moses  Poole.    London^  1829. 

This  invention  is  stated  to  have  been  commuDicated  to 
the  patentee  by  a  foreigner  residing  abroad,  and  thiscir- 
eumstance  will  account  for  its  want  of  novelty.  Notwith- 
standing which,  it  is,  we  are  informed,  patronised  and 
adopted,  by  Mr.  Gurney  and  his  colleagues,  in  the  coo* 
struction  of  their  steam .  coaches ;  that  being  the  case,  it 
may  be  presumed  to  possess  some  advantages;  we  accord- 
ingly give  it  insertion  here,  without,  however,  entertain- 
ing a  favourable  opinion  of  its  merits. 

The  invention  consists  of  a  steam  boiler,  composed  of  a 
series  of  straight  tubes,  placed  horizontally,  some  under, 
others  over,  and  some  on  each  side  of  the  fire.    The  first 
tube  is  joined  to  the  second  at  one  end,  and  the  second  ii 
joined  to  the  third  at  the  other,  so  that  the  whole  boiler 
consists,  in  effect,  of  one  continuous  tube.     Through  tus 
the  water  is  driven  by  a  force-pump,  and  when  sufficiently 
heated,  it  is  admitted  into  a  vessel  called  a  separator,  aod 
thence  conveyed  to  the  working  cylinders.     From  the  cy- 
linders,  the  steam  is  conveyed,  still  in  a  highly-elastic 
state,  to  a  reservoir,  from  which  it  escapes  by  four  very 
small  apertures  up  the  chimney,  carrying  with  it  the  air 
in  the  chimney,  and   by  that  means  creates  a  current, 
which   may  be  increased  or  diminished  at  pleasure,  bj 
an  alteration  of  the  apertures  through  which  the  steam 
escapes;  which  apertures  must  never  be  so  large  as  to 
allow  the  steam  to  escape  from  the  reservoir  so  fast  as 
to  diminish   its  elasticity;   a  circumstance  which  would 
cause  an  irregularity  in  the  passage  of  the  steam,  and  coa* 
sequently  of  the  draught  of  air  through  the  chimney 

When  this  apparatus  is  applied  to  a  locomotive  at' 
liage  (the  specification  states),  it  is  necessary  to  supplj 
water  to  the  boiler  before  the  carriage  starts,  as  well  as 
during  occasional  stoppages,  which  the  patentee  purposes 
to  effect  by  hand,  or  by  lifting  the  wheels  off  the  groaoi) 
and  then  working  the  pimp  by  the  engine,  as  the  wheels 
may  then  turn  without  propelling  the  carriage. 
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The  carriage  is  lifted  by  a  lever  extendiog.  ;f(oiii  tbct 
ttxletraeyora.  fiooed  pouit.«ear  it,  aad  jreadiiiig  a  few 
ruches  farther  .tban  the  circa mfere&ee  of  the  wbeel::  aad 
when  this  lever  is  brought  directly^^iinilidr  ilht^  wli¥iie}^(l»x 
winding  «  chain  Ardm  h  tin  a  drum)  oc  dr.aw'ing  U  by  a 
piston  in  O'inmU^eaiki  oyiiader,  tfa^  w^eel.ip  at.liJ;^^y  to 
turn  freely.  -  (Dhe  ipatentee  puirposes  Ao  use  ih^  aainec^- 
trivaneeas  ^  drag  to  impede  the  |)rogce^.ef  a  Aarria^ 
when  descending  hiHs. 


Hydraulic  Steam  Engine^   by  John  CatUny  OintikfHiti, 

Ohio,  V.  S.  1889. 


'Y  ♦▼ 


This  is,  in  fact,  an  engine  wearking  entirely  upon  the 
principle  of  Savery's  engine.  It  is  said  to  be  ^^  peculiarly 
applicable  to  mills  already  erected  on  JtreaiBS  which,  fail 
during  part  of  the  year,  as  the  expense  of  coMlructiag  \i  i$ 
much  less  than  of  an  ordinary  steam  engine  of  ^ual  powei;,'' 

Savory's  engine,  08  usually  described,  was  to  6p0rate 
both  as  a  sucking  and  forcing-pump.  The  water  being 
first  raised  by  the  pressure  of  the  atmosphere  into  a  cham* 
ber,  in  which  a  vacuum  has  been  produced  by  Jthe  condeii* 
sation  of  steam  acjting  upon  vthe  surface  of  the  water.  In 
the  arrangement  now  proposed,  the  forcing  operation  is 
the  only  one  employed.  Two  oi*  more  cylinders  ^re  made 
of  wood,  and  are  placed  in  the  reservoir  from  which  the 
water  is  to  be  raised^  so  that  it  will  flow  into  them  with- 
out the  aid  of  a  vacuum.  Wood  is  chosen,  because  it.  is  a 
bad  conductor  of  heat.  Floats  of  wood  are  to  rise  and 
fall  within  these  cylinders,  and  are  to  operate  as  pistons; 
(hey  are  to  be  ^'  closely  fitted,  without  touching  the  sides, 
to  separate  the  steam  from  the  surface  of  the  water,  and 
therd>y  prevents  its  condensation.^'  After  these  cylinders 
have  been  filled  with  water,  through  a  valve  in  their  bot- 
toms, steam  is  to  be  admitted  into  them  above  the  float, 
and  is,  by  its  elasticity)  to  force  the  water  to  the  required 
height.     The  patentee  says  :— 

'^The  improvemeni  for  which  I  claim  an  exclusive  pri- 
vilege is,  the  use  of  wood,  or  other  non-conducting  mate- 
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rials,  to  construct  the  vessels^  or  cylinders,  and  iloits, 
above  described,  and  to  line  with  the  same  material,  iron, 
or  other  metallic  vessels  or  cylinders,  for  the  alternate  re- 
ception and  discharge  of  steam  and  water.** 

It  will  be  no  easy  task  to  fit  the  floats  closety  vMoiU 
touching  the  sides^  so  as  to  prevent  the  water  from  paasuig 
above  them,  when  under  the  pressure  of  a  high  cohmuin 
the  rising  shafts.  The  slowness  with  which  wood  coo- 
ducts  heat,  would  be  an  advantage  in  this  plan,  but  the 
impossibility  of  making  it  keep  its  form  and  dimensions, 
under  the  action  of  water  and  steam,  will  render  some  ud- 
mentioned  provision  necessary,  or  it  must  be  fatal  to  tke 
whole  scheme.  Steam  of  two  atmospheres  will  be  neces* 
sary  to  raise  water  to  the  height  of  thirty  feet,  on  this 
plan. 

In  situations  where  fuel  is  cheap,  an  economical  engine 
for  raising  water  from  a  tail-race  into  a  dam,  might  be 
advantageously  employed  during  seasons  of  drought;  but 
it  rarely  happens  that  there  is  a  supply  in  the  tail-race, 
when  there  is  a  deficiency  in  the  dam ;  it  is,  therefore,  in 
but  few  places  that  such  an  apparatus  would  be  of  any 
avail;  it  has,  however,  been  effected  in  some  places,  but 
the  very  nature  of  things  forbids  its  frequent  adoption.* 

P{Uent  Steam  Engine^  by  Thomas  Banks,  Patricrqfj  Lm- 

cashire.    i6S9. 

Mr.  Banks  describes  two  improvements  in  connexion 
with  the  steam  engine ;  the  first  applicable  to  the  soppW 
of  oil,  or  other  lubricating  material,  to  the  piston,  and  the 
second,  to  the  supply  of  steam  to  the  cylinder.  The  oil, 
or  melted  tallow,  which  the  patentee  prefers,  is  conveyed 
through  the  piston  rod,  made  hollow  for  the  purpose,  to  a 
ring  situated  half-way  between  the  top  and  bottom  plates 
of  the  piston.  This  ring  being  made  open  towards  the 
cylinder,  which  it  approaches  very  near  to,  affords  an 
abundant  and  uniform  supply.  The  tallow  is  introduced 
into  the  hollow  piston  rod,  by  means  of  a  vessel  precisely 
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a  tobacco-pipe,  with  ita  shank  stuck  into  its  side,  and 
its  mouth  turned  upwards,  for  the  reception  of  the  tallow. 
The  second  part  of  the  invention  consists  of  a  revolving 
pipe,  for  the  passage  of  the  steam  alternately  above  and 
below  the  piston,  and  from  the  cylinder  to  the  condenser, 
or  to  escape,  when  no  condenser  is  used.  The  revolving 
pipe  extends  the  length  of  the  cylinder,  and  has,  at  each 
end,  two  apertures  on  opposite  sides,  and  a  fixed  partition 
twisted  into  half  a  spiral,  so  as  to  form  a  communication 
between  the  upper  opening  en  one  side,  and  the  lower 
opening  on  the  other*  On  the  upper  end  of  the  revolving 
pipe  is  placed  a  collar,  through  which  an  opening  com* 
municates  on  one  side  with  the  boiler,  and  on  the  other 
with  the  cylinder;  and  the  lower  end  turns  in  a  similar 
collar,  with  communications  from  the  cylinder  on  one  side, 
and  the  condenser  on  the  other.  Now  it  is  evident,  from 
the  position  of  the  spiral  partition,  that  each  opening  at 
the  top  is  connected  with  the  opposite  opening  at  the  hot* 
lorn ;  and  hence,  as  the  pipe  revolves,  the  communications 
are  alternately  opened  between  the  boiler  and  one  side  of 
the  piston,  and  the  condenser  and  the  other*  This  is  an 
application  of  the  principle  of  the  two-way  cock,  which 
possesses  considerable  ingenuity,  and  may  be  found,  in 
some  cases,  very  serviceable* 

Patent  Improvements  in  Steam  Engines,  by  W.  Churchy  of 

Birmingham.    1829. 

The  improvements  here  contemplated,  are  applicable 
to  the  supply  of  fuel  to  the  fire,  to  the  boiler,  the  method 
of  opening  and  closing  the  steam  passages,  the  whole  ar- 
rangement of  the  difierent  parts  of  the  engine,  and  its 
application  to  propelling  vessels,  through  the  medium  of 
propelling  wheels  of  a  peculiar  description. 

The  fire-feeding  apparatus  consists  of  a  coal-hopper, 
having  at  its  lowei  extremity  a  small  revolving  roller, 
with  four  vanes,  which  transfers  th^  coals  in  small  quan- 
tities from  the  hopper  to  a  plate  situated  within  the  fur- 
nace doors,  and  somewhat  higher  than  the  surface  of  the 
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fire.  From  this  j)late  the  coals  are  drivers  fenrards,  and 
scattered  over  the  fire  by.  a  projecAing  rake,  irhicb  (ilk 
the^ aperture. through  which  it  passes,  kaving  od  its  upper 
surface  a  flat  plate  extending  uDdes  the  hopper,  when  the 
rake  is  driven  forward,  and  thnacommunicsation  with  the 
air  is  pnevented.  The  rake  is  actuated  by  tke  eogine. 
through  the  medium  of  a  series  of  levers. 

The,  boiler  proposed  by  Mr.  Church  is  of  the  tubular 
kiiid,  in  which  the  fire  is  made  to  play  roiind  the  tubes, 
with  a  peculiar  arrangement  of  connecting  pipes  proceed- 
ing.from  the  upper  part  of  one  tube  to  nearly  the  lower 
part  of  another,  according  to  its  elevation;' by  this,  the 
quantity  of  water  and  steam  in  each  is:  regulated. 

Two  plans  of  opening  and  shutting  the  steam  passages 
are  described*  in  the  first  place,  thi§'^eani  is  admitted 
into  the  cylinder,  and  permitted  te  escape  from  it  through 
holes  in  its  top  and  bottom  ptetes,  by  mMns'of  additional 
plates  with  smaller  holes,  which  arne  altertttitely  brought 
opposite  the  holes  communicating  with  the  cylinder,  the 
boiler,  and  the  condenser.  The  cvVindelKis''furnMved  with 
a  jacket  or  steam  chamber,  extendiifg  «h<i¥i&  aiHl  below, 
as^  well  as  roi^Vidit.  The  exterior  top  tllUl  '%oltdAi  plates 
are  mKd^,  by  means  of  a  crank-mottoil'^  to  oseiH^te;  and 
thus  the  communications  between  the  cyiioder  :and  boiler^ 
and  cylinder  and  condenser,  are  alternately  opened  and 

do^^^d^  A  pl^n  similar  to  th^s^  ws^s  int|:f9^^4Ai^  ^^S^^  ^^ 
ten  years  ago,  by  Mr«  Jacob  Pevkins,  who  caused  his 
communication -plates  to  rotate,  instead  of  vibrate  (see 
page  246,  valve  e).  A  second  pl^n  of  lopettiig  and  shut- 
ting the  steam  passages,  isdescribed'to'cousist  of  (wo  flap- 
valves,  placed  in  a  pipe,  which  communicates  with  Ae 
holler  at 'one  end,  and  the  condenser' tit  the  other.  A  com- 
municdtion  is  opened  from  tlie  top'of  ihb  cylititfer  and  the 
space  between  the  vali'es,  which  ire  jbifie'd  by  a  connect- 
ing rod,  so  that  the  motion  "whicfiopens  One  shkits  the  other, 
and^he  upper  part  of  the  cyliiider  Is  c'onstantly  in  com- 
munication either  with  the  boiler  or  coiifdenser.  A  similar 
set  of  valves  and  pipes  effect  the  same  thing  between  tke 
lower  part  of  the  cylinder  and  these  vessels. 
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Aeon  md  Gas  JBngmej  by  William  WOlmot  Bali^  qf 

Bamwwr^f  America. 

This  engine,,  which  b  applicable  to  all  the  purposes  for 
which  steam  engines  have  been  usually  employed^  is  actu-f 
ated  by  a  mixture  of  steam  and  gas,  in.  the  following 
manner.  Into  i^  steajn  boiler,  of  any  convenient  form,  is 
introduced  a  pump,  called,  by  the  patentee,  a  gas  pump, 
in  cltpacity  about  two-thirds  of  the  working  cylinder  of 
the  engine.  This  gasf-pump  is  made  on  the  double-action 
principle,  and  receives  its  supply  of  gas,  or  Jieated  elastic 
fluid,  from  the  chimney  flue,  which  is  made  to  pass  through 
the  boiler,  by  a  pipe  communicating  with  the  top,  and 
another  with  the  bottom  of  the  pump;  both  these  supply- 
pipes  are  furnished  with  valves,  opening  towards  the 
pump,  which  is  likewise  furnished  with  two  outlet  pipes, 
communicating,  the.  pne  from  its  top  and  the  other  from 
its  bottom,  into  the  upper  or  steam  parts  of  the  boiler. 
These  pipes  are  likewise  furnished  with  valves,  but  open* 
ing  in  a  contrary  direction  to  the.others,  or  from  the  pump 
towards  the  boiler. 

The  packing  of  this  pump-piston  must  be  metallic,  and 
the  valves,  or  the  communication  between  the. chimney  and 
pump,  must  be  lined  with  platina,  to  prevent  their  being 
injured  by  heat. 

The  piston  rod  of  the  gas-pump  passes  through  a  stufl^- 
iug-box  at  the  top  of  the  boiler,  and  is  coiuiected  with 
and  actuated  by  the  working  cylinder  of  the  engine*  After 
the  steam  is  up,  and  the  engine  thereby, put  in  motion,  the 
chimney  is  closed  by  a  damper,  situated  just  above  the  Ju- 
sertion  of  the  supply-pipes,  when  the  hot  elastic  fluids 
issuing  from  the  fire,,  are  pumped  into  the  upper  part  of 
the  boiler,  where  they  mingle  with  the  steaip,  and  are  con- 
veyed in  the  usual  way  to  the  working, cylinder. 

We- cannot  ascertain,  either  from  the  title  or  the  speci- 
fication of  this  paten t,.w,hether  the  patentee  intends,  by 
his  invention,  to. improve  the  effect  of  steam,  in  actqajting 
82.  '5c 
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fliachinery,  or  to  destroy  the  disagreeable  effluvia  arising 
from  the  flues  of  engines,  by  mixing  it  with  the  steam  in 
the  boiler;  we  should  imagine,  however,  that  he  intends 
the  latter,  as  he  gives,  in  the  same  specification,  a  deacrip- 
tion  of  a  method  of  supplying  the  furnace  uniformly  with 
coals.  And  this  he  effects  by  placing  over  the  furnace  a 
hopper,  with  a  moveable  piston-shaped  bottom,  perforaied 
with  a  number  of  circular  holes,  about  six  inches  dia- 
meter. This  hopper  bottom  is  furnished  with  a  vertical 
rod,  by  which  it  is  suddenly  lifted  and  let  fall  by  every 
stroke  of  the  engine,  thus  agitating  the  fuel  in  the  hop- 
per, and  producing  a  regular  supply  through  the  circular 
holes  in  the  bottom  plate. 

Bradeirip*8  Improvements  in  Steam  Engines^  patented  bf 
Joseph  D^Arcfff  qf  Leicester  Square.  1829. 

(As  Legatee  to  the  Inventor.) 

By  this  invention  it  was  proposed  to  connect  the  upper 
end  of  the  piston  rod  immediately  to  the  crank  by  which 
rotary  motion  is  produced,  without  the  intervention  of 
guide  rods,  or  parallel  motion ;  neither  does  he  require 
the  cylinder  to  oscillate ;  but  he  makes  the  piston  rod  to 
accommodate  itself  to  the  different  positions  of  the  crank  by 
vibrating,  and  for  that  purpose  it  is  attached  to  the  piston 
by  a  hinge  joint.  And  the  stuffing-box  through  which  it 
passes  is  made  to  slide  in  a  dove-tati  shaped  groove,  back- 
wards and  forwards,  across  the  top  of  the  cylinder ;  whiJe 
that  part  of  the  box,  through  which  the  piston  rod  passes, 
has  a  small  oscillating  motion  on  steam-tight  joints,  that 
it  may  retain  the  position  of  the  piston  rod. 

Instead  of  this  sliding  stuffing-box  apparatus,  the  paten* 
tee  purposes,  under  certain  circumstances,  to  surround  the 
vibrating  piston  rod  by  a  cylinder  which  is  attached  steam* 
tight  to  the  piston,  and  made  sufficiently  wide  for  the  pis* 
ton  to  vibrate  within  it.  In  this  case,  it  is  evident,  that 
the  inclosing  cylinder,  and  not  the  piston  rod,  must  work 
steam-tight  through  the  stuffing-box. 

It  is  not  very  clear  what  advantage  the  patentee  had  m 
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view  by  these  arrangements,  but  it  is  probable  that  he 
has  overrated  the  imperfections  of  the  parallel  motion  and 
the  sling-conneoting  rods  and  guides  usually  employed ;  as 
it  is  perfectly  evident,  that  either  6f  the  plans  which  he 
has  patented  will  add  to  the  difficulty  and  expense  of 
manufacture,  and  also  to  the  waste  of  power,  by  an  increase 
of  the  rubbing  surfaces ;  whether  they  be  in  the  form  of 
a  sliding  stuffing-box,  or  the  enlarged  cylinder,  working 
through  a  stuffing-box  of  the  usual  construction.  Be- 
sides, in  the  latter  plan,  the  area  of  the  upper  side  of  the 
piston  is  so  much  diminished  by  the  piston  rod  case,  that 
the  difference  between  the  force  of  the  steam  exerted  on 
the  upper  and  under  sides  of  the  piston,  will  cause  an 
irregularity  in  the  operation. 

In  addition  to  these  inventions,  the  patentee  describes 
a  method  of  transmitting  motion  from  one  part  of  machi- 
nery to  another,  which  consists  of  similar  cranks,  connected 
together  by  rods  either  straight  or  branched ;  and  this  is 
^aid  to  be  very  useful  on  board  of  steam  vessels;  but  it  is 
really  a  contrivance  possessing  so  little  originality  and 
importance,  that  workmen  have  long  been  accustomed  to 
design  such  plans,  whenever  they  required  to  transmit 
motion  to  different  parts  of  a  factory,  or  of  a  machine, 
without  ever  imagining  that  they  had  invented  any  thing 
worth  protecting  by  his  Majesty's  letters-patent,  or  even 
communicating  to  their  fellow-workmen. 


Patent  Steam  Engine^  by  R  and  /•  Dakeyne,  of  Darby 

Dahy  Derbyshire.   1830. 

This  invention  consists  of  a  hollow  spherical  vessel, 
having  within  it  a  moveable  globe;  of  a  diameter  conti« 
derably  smaller  than  the  interior  diameter  of  the  hollow 
sphere. 

From  the  upper  part  of  the  interior  ball  proceeds  a 
tapering  rod,  which  passes  through  a  large  hole  in  the 
hollow  sphere,  and  turns  with  a  conical  motion,  giving 
notion  to  a  horizontal  crank  and  a  train  of  wheels.    To 
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the  equator  of  the  ball,  regarding  the  tapering  rod  is  1(9 
pole,  is  attached  a  flat  ring,  which  extends  to  and  iila 
steam-tight  within  the  hollow  sphere.  On  one  dde  of  this 
ring  a  notch  is  made,  to  admit  two  commanicationS)  the 
one  for  the  ingress  and  the  other  for  the  egress  of  the 
steam  or  other  flnid  by  which  the  machine  is  to  be  put  in 
motion. 

Now,  suppose  the  ring  to  be  raised  on  the  side  next  to 
the  passages,  the  steam  water  or  other  actuating  flaid  can 
enter,  but  cannot  pass  round  to  the  egress  passages,  withoat 
raising  the  ring  on  the  opposite  side ;  and  it  cannot,  from 
its  connexion  with  the  crank,  he  raised  on  the  opposite 
side,  without  causing  the  tapering  bar  to  describe  a  coni- 
cal motion,  which  is  converted  into  a  circular'  motion, 
through  the  instrumentality  of  the  crank 

Patent  Steam  Engine,  by  VK.  Grisenthtoaite^  Esq.  of  ITo/- 

tingham,     1830. 

"The  certain  improvements  here  contemplated  are  of  the 
«ti66t  extraordinary  kind  we  have  ever  met  with,  inaspe- 
'ntcation  of  a  patented  invention ;  for  it  is  merely  said  to 
be  the  application  of  iron  weights  with  the  mercury  or 
other  fluid  metallic  substance  in  the  rotary  engine  patented 
by  Mr.  James  Watt^  in  1769.  The  iron  weights  are  to  be 
furnished  with  anti-friction  rollers,  to  &cilitate  their  mo- 
tion in  the  channel  of  the  wheel.  The  present  patentee 
does  not  describe  the  engine  to  which  he  is  to  apply  his 
iitij^rovements;  and  as  Mr.  Watt  ioTeated  and  patented 
several,  and  notices  them  in  the  following  vague  terms, 
it  is  difficult  to  comprehend  the  precise  nature  of  the  pre- 
sent invention.  Mr,  Watt  says,  ^^  When  motions  round 
an  axis  are  required,  I  make  the  steam  v^esseb  in  form  of 
hollow  rings  or  circular  channels,  with  proper  inlets  and 
outlets  for  the  steam  mounted  on  horiaontal  axes,  like  the 
wheels  of  a  water  mill.  Within  them  are  placed  a  nom* 
ber  of  valves,  that  suffer  any  body  to  go  round  the  chan- 
nel  in  one  direction  only.  In  these  steam  vessels  are 
placed  weights,  so  fitted  to  them  as  entirely  to  fill  up  a  part 
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or  portion  of  their  chaoDels,  yet  rendered  capable  of  mov* 
ing  freely  in  them,  by  the  means  hereinafter  mentioned  or 
specified.  When  the  steam  is  admitted  into  these  engines 
between  these  weights  and  valves^  it  acts  equally  on  both^ 
so  a«{  to  raise  the  weight  to  one  side  of  the  wheel,  and  by 
>  the  redaction  on  the  valves,  successively  to  give  a  circular 

motion  to  the  wheel,  the  valves  opening  in  the  direction  in 
'  which  the  weights  are  pressed,  but  not  on  the  contrary.  As 

i  the  steam  vessel  moves  round,  it  is  supplied  with  steam  from 

I  the  boiler,  and  that  which  has  performed  its  office,  may 

I  either  be  discharged  by  means  of  condensers,  or  into  the 

I  open  air.'* 

In  addition  to  the  improvements  on  Mr.  Watt's  rotary 
I  engine,  Mr.  Grisenthwaite  claims  the  application  of  mer- 

cury to  the  rubbing  parts  of  machinery  generally,  insteao 
of  oil  or  other  lubricating  material. 

m 

Patent  Steam  Engine^  by  Benjamin  Reeves^  Philadelphia 

1830. 

r 

r 

I  The  claim  of  the  patentee^  (which  only  extends  to  the 

United  States,)  exhibijts  pretty  fully  the  general  object  of 
the  patent;  it  is  in  the  following  words  :  ^^  Whm^  I  claim 
as  new,  as  ray  own  invention,  is  a  mode  ormode^^  by  whio^ 
lubricating  substances  may  be  applied  to  the  initerior  sur- 
face of  cylinders  or  other  vessels,  in.  which  moving  pistons 
operate,  in  steam,  hydraulic,  or  other  engines,  in  such  a 
manner  as  to  prevent  their  escape  to  the  cavity  of  the 
cylinder,  or  other. vessel,  other  than  by  contact  with  their 
surfaces.*' 

Several  modes,,  it  is  said,  may  be  adopted  for  the  purpose 
indicated,  and  one  of  which  is  described  in  the  specifica- 
tion; it  consists  in  leaving  a  cavity  around  the  piston,  in 
the  centre  of  the  packing,  which  cavity  is  to  receive  the 
lubricating  substance*  A  ring  of  iron,  or  other  m^tal, 
is  made'of  the-sise  of  the  interior  of  the  cylinder  ;  a  groove 
is  formed  on  the  outer  edge  of  this  ring,  and  when  the  pis 
ton  is  packed,  the  ring  is  to  be  inserted  in  the  middle  of  it. 
A  tube,  with  a  funnel  and  cock  attached  to  it,  passes 
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through  the  aide  of  tie  cylinder,  and  whenever  the  pisloD 
18  brought  to  rest  with  the  cavity  opposite  to  the  tube, 
the  lubricating  matter  may  be  admitted.  There  is  a  second 
tube  and  cock  on  the  opposite  side  of  the  cylinder,  to  allow 
of  the  escape  of  air  or  vapour,  which  might  obstruct  tbe 
influx  of  the  lubricating  fluid.  '^The  lubricator  maybe 
supplied,  when  the  engine  is  in  operation,  by  means  of 
cams,  or  other  contrivance/' 


Patent  Rotary  Steam  Engine^  by  John  Street^  fifg.,  of 

Cli/iany  Gloucestershire.  1830. 

Mr.  Street  purposes  to  place  upon  the  same  axis  two 
cylinders,  so  arranged  with  respect  to  the  steam  passagei, 
that  the  communication  beween  the  boiler  and  the  cylio* 
der  is  opened  to  the  one,  while  it  is  closed  to  the  other; 
and  thus  the  action  on  the  axis  is  kept  up  by  one  of  the 
cylinders,  during  the  time  that  a  piston  or  fan,  which  is 
attached  to  the  axis,  passes  a  steam  stop,  which  is  made  to 
fold  back  in  a  recess  in  the  upper  part  of  the  cylinder. 

The  admission  of  tbe  steam  into  the  cylinder  is  by 
means  of  a  hollow  axis,  which  turns  within  them,  and 
through  the  medium  of  which  the  power  is  to  be  comma- 
nicated  to  any  required  purpose.  A  steam  pipe  from  the 
boiler  terminates  in  a  box  through  which  the  hollow  axis 
passes,  being  rendered  steam*tight,  by  packing  on  each 
side.  Several  longitudinal  openings  are  made  into  that 
part  of  the  axis  which  is  within  the  box.  The  area  of  these 
openings  being  made  equal  to  the  interior  area  of  the 
steam  pipe.  By  this  means  the  hollow  axis  becomes 
charged  with  steam,  which  passes  from  hence  into  the  cy- 
linders, by  two  pipes  in  connexion  with  two  other  steam 
boxes,  which  fit  steam«tight  where  there  are  openings  on  op- 
posite sides  of  the  axis,  so  that  the  communication  is  always 
open  to  one  of  the  cylinders,  while  it  is  shut  oif  finom  the 
other.  The  cylinders  are  both  fixed  on  firm  standi  aw 
there  is  placed  within  each,  a  rectangular  piston  or  Aii| 
which  is  to  be  fixed  on  one  edge  to  the  axis,  and  packed 
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•o  88  to  work  steam-tight,  against  the  periphery  and  ends 
of 'the  cylinder.  As  a  steam-stop,  a  rectangular  piece  is 
jointed  to  the  upper  part  of  the  cylinder,  and  turns  back 
into  a  recess,  while  the  piston  passes  it.  One  of  the  pivots 
on  which  the  steam-stop  turns,  passes  through  a  stuffing* 
box,  and  has  attached  to  it  a  lever,  with  a  weight  to  con- 
stitute a  counterpoise  to  the  steam-stop;  or  the  recess  into 
which  the  steam-stop  turns  is  made  large  enough  to  admit 
of  a  counterpoise  being  applied  within  the  steam-tight 
cylinder.  The  steam-stop  is  made  to  fall  into  the  position 
of  its  action,  either  by  its  own  gravity,  or  else  it  is  actu- 
ated by  exterior  cams  or  eccentrics. 

Mr.  Street  proposes  another  method  of  admitting  the 
steam  into  the  cylinders,  which  he  states  may  be  some- 
times employed  with  advantage ;  it  consists  of  two  valves 
attached  to  the  extremities  of  a  lever  turning  upon  a  ful- 
crum at  its  middle,  by  which  one  of  the  valves  is  opened 
upwards  and  the  other  downwards  at  the  same  time. 
These  valves,  with  their  seats,  are  included  in  an  enlarged 
part  of  the  steam  passage,  and  they  are  actuated  by  a 
lever,  the  extremity  of  which  rests  upon  the  periphery  of 
a  wheel,  and  by  dropping  into  a  notch  on  one  side  of  thje 
wheel,  the  valves  are  opened. 


Improvements  in  Steam  Enginesj  by  William  Tutin  Hay- 

crafij  M.D.  Greenwich.  1830. 

It  has  been  found,  as  stated  by  Dr.  Haycraft,  that  steam 
surcharged  with  caloric,  or  such  as  has  been  augmented 
in  temperature,  after  it  has  assumed  the  gaseous  state,  is 
exceedingly  difficult  to  keep  from  passing  the  piston  in 
the  working  cylinder,  and  from  injuring  the  packing,  if 
made  of  hemp  or  similar  material,  as  well  as  from  carbo- 
nising the  tallow  or  oil  used  for  lubricating  the  cylinder 
and  piston. 

The  patentee  having  ascertained,  experimentally,  that 
the  elasticity  and  power  of  steam  can,  by  the  application 
of  heat  after  the  steam  is  generated,  be  greatly  augmented, 
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with  a  coiDparaliTely  small  consumption  of  fuel,  set  aboiit 
inventing  an  engine  to  be  worked  with  surcharged  steam, 
without  its  being  liable  to  the  objections  above  alluded 
to.  The  plan  by  which  he  purposes  to  preserve  the  piston 
packing  and  oii  from  being  carbonised,  and  at  the  same 
time  to  prevent  the  high«pres8ure  steam  from  passing  the 
piston  on  which  it  presses,  b  to  keep  water  on  the  under 
side  of  the  piston,  while  the  steam  only  acts  on  the  upper 
side*  This  he  effects  by  placing  his  boiler  in  a  position 
higher  than  the  working  cylinder,  and  making  a  commu- 
nication  from  the  bottom  of  the  boiler  to  the  lower  end  of 
the  cylinder,  and  from  the  top  of  the  boiler  to  the  upper 
end  of  the  cylinder.  The  piston  rod,  which  passes  through 
the  bottom  of  the  cylinder,  is  made  so  thick,  that  the 
square  of  its  diameter  shall  be  just  half  the  square  of  the 
diameter  of  the  cylinder,  or.  thnt  the  area  of  a  sectioe  of 
the  piston  rod  shall  be  half  the  area  of  the  lower  side  of 
the  piston.  Tiiis  b^ng  the  case,  it  is  evident  that  the 
water  can  oniy  press  upon  half  the  area  of  the  piston,  the 
thick  piston  rod  occupying  the  other  half,  while  the  steam 
acts  upon  the  whole  area  of  the  upper  sides ;  hence,  when 
the  steami  passage  JFrom  the  top  of  the  boiler  and  the  up- 
per end  of  the  cylinder  is  open,  the  piston  will  be  forced 
down  with  a  power  of  twoy  while  it  is  resisted,  by  the 
water- passage  from  the  bottom  of  the  boiler  to  the  lower 
end  of  the  cylinder,  being  open  by  th^  power  of  one;  so 
that  it  will  descend  with  .a  power  of  one,  and  when  it 
reaches  the  bottom,  the  steam  communication  is  stopped 
off,  while  the  steam^  now  in  the  cylinder,  is  allowed  to 
escape  through  an  educflion  valve;  when  the  piston  will 
ascend  by  the  pressure  of  the^  water  below  it,  with  a  power 
of  one,  or  the  same  with  which  it  descended.  When  the 
piston  reaches  the  top  of  the  cylinder,  the  steam  passage 
is  again  opened,  and  the  eduction  cock  closed,  when  it 
will  be  forced  down  as  befbre;  anKl  thus  a  constant  and 
uniform  action  is  obtained  by  the  acti(  n  of  water  on  one 
side  of  the  piston,'  and  the  action  of  steam  on  the  dther. 
When  it  is  inconvenient  to^  place  the  boiler  higher  dms 
the  working  cylinder,  a-  water^eylinder  is  introducedj 
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which  is  made  lo  communicate  with  the  boiler,  and  thus 
answer  the  same  purpcwe  as  the  elevated  boiler. 

Tiie  coDtrirance  is  so  iD^nious,  that  we  caanot  but  re- 
gret to  notice  what  may,  in  some  measure,  b«  deemed  a 
defect;  but  it  will  readily  be  perceived,  that  an  increase 
of  friction  will  result  from  the  enlargement  of  the  pbton 
rod.  The  arrangement  of  the  different  parts  of  this  engine 
will  be  at  once  comprehended,  by  inspecting  the  accom- 
panying engraving,  where  a  a  represents  the  working 
cylinder,  with  its  piston  b,  and  a  large  piston  rod  e,  pass- 
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ing  through  its  stuffing  bgg.  d  is  the  boiler,  with  a  com- 
munication e€,  for  the  water  to  pass  fbeely  between  it  and 
the  lower  end  of  the  cylinder.  //  is  a  steam  communica- 
tion between  the  boiler  and  the  upper  end  of  the  cylinder, 
represented  as  broken  off.  In  connexion  with  this  steam 
passage,  is  a  two*way  cock,  of  the  usual  construction,  for 
permitting  the  steam  to  escape,  after  it  has  forced  the  pis- 
ton to  the  bottom  of  the  cylinder.  Sometimes  the  upper 
or  steam  end  of  the  cylinder  is  surrounded  by  a  portion  of 
the  flue,  to  continue  or  increase  the  elastic  force  of  the 
steam ;  but  when  this  plan  is  adopted,  the  cylinder  must 
be  protected  from  injury  b);  a  coating  of  fire-brick,  or 
other  non-conducting  material. 

Several  ingenious  modifications  of  this  principle  of 
working  alternately  with  steam  and  water  are  described 
in  the  specification  of  the  patent,  which  are  deserving  of 
the  attention  of  engineers;  but  from  the  drawings  ^ven 
of  thetn,  (one  of  which  is  inserted  in  the  Register  of  Arts, 
&c.  for  January,  1831,)  it  would  appear,  that  considerable 
obstruction  to  the  motion  of  the  piston  would  arise  from 
the  smallness  of  the  water  passages,  and  power  woaid  ne- 
cessarily be  wasted  in  causing  water  to  pass  through  pipes 
with  great  velocity.  There  will,  however,  be  but  little 
difficulty  in  adjusting  the  magnitude  of  the  various  parts 
of  the  apparatus,  td  avoid  all  imperfections  of  this  descrip* 
tion.  It  will  also  be  necessary  to  use  either  distilled  or 
very  carefully  filtered  water,  to  prevent  the  injury  to  tke 
piston  and  cylinder,  which  would  be  caused  by  the  intro* 
duction  of  sand^  or  other  gritty  matter. 
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STEAM  ENGINE  FURNACEa 


About  fifty  years  ago^  when,  from  the  great  impiove* 
inents  introduced  by  Watt  and  his  contemporaries,  steam 
engines  became  very  numerous,  many  scientific  and  prac- 
tical men  directed  their  attention  to  the  discovery  of  some 
means  by  which  the  large  quantities  ofVLense  black  smoke 
issuing  from  the  chimneys  of  the  furnaces  (so  prejudicial 
to  the  comfort,  if  not  to  the  health,  of  the  neighbouring 
inhabitants,)  might  be  prevented.  Numerous  were  the 
plans  tried  to  consume  the  smoke,  and  although  some 
were  partially  successful,  they  were  found  generally 
either  inconvenient,  or  occasioning  a  greater  consumption 
•of  fuel,  so  as  to  lead  to  no  advantageous  result  to  the 
proprietors,  however  the  public  might  be  benefited  by 
theii*  adoption.  These  circumstances  led  to  the  abandon- 
ment of  most  of  the  plans,  except  in  those  instances- 
wherein  the  proprietors  were  compelled  to  their  adoption 
and  continuation  by  indictments  for  public  nuisances. 

With  the  laudable  object  in  view  of  reducing  the  great 
and  growing  evil  of  dense  smoke  in  populous  places,  the 
Society  for  the  Encouragement  of  Arts,  &c.  have,  for 
nearly  fifty  years  past,  offered  a  reward  for  the  best  me- 
thod of  consuming  smoke  in  steam  engines  and  other  fur- 
naces.    The  constant  notification  of  this*  reward  has  pro- 
bably tended  to  keep  the  subject  alive  in  the  minds  of 
inventors,  but  it  does  not  appear  to  have  been  productive 
of  many  plans  being  submitted  to  the  Society,  that  could 
h^  deemed  of  any  great  practical  value.     (The  only  one 
which  we  are  aware  of,  that  has  any  claim  to  this  charac-^ 
ter,  was  the  invention  of  Mr.  Robert  Chapman,  in  tS23y 
which  we  shall  describe  in  its  place.)  The  intrinsic  value  of 
the  reward  was  most  likely  deemed  by  inventors  as  a  very 
trifling  compensation  for  a  discovery  which  was  calculated 
to  '^make  their  fortunes,"  and  induced  them  to  prefer  in<* 
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curring  the  cost  of  patents,  and  thus  take  a  great  deai  ot 
money  out  of  their  pockets,  instead  of  putting  a  little  lo; 
viewing  their  inventions,  of  course,  as  the  neplus  ultra  of 
perfection,  and  confidently  anticipating  golden  harvests 
as  their  results. 

It  has  been  usual  to  consider  Mr.  iVatt  as  the  earliest 
inventor  of  a  furnace  for  the  combustion  of  its  own  smoke, 
and  perhaps,  as  respects  its  application  to  steam-engine 
furnaces,  the  idea  is  correct.  In  France,  apparatus  for 
the  purpose  was  used  in  many  manufactories,  in  the  seven- 
teenth century.  *  In  the  volume  of  the  Academy  of 
Sciences  for  16i)9,  some  experiments,  by  M.  de  la  Hire,  are 
given,  which  have  reference  to  an  invention,  made  many 
years  previous,  by  M.  Delasme,  a  French  engineer.  The 
latter,  we  are  told,  exhibited  his  furnace  for  consuming 
its  own  smoke  at  the  fair  of  St.  Germain,  in  the  year 
1C85.« 

The  fire-place  of  M.  Delasme  consisted  of  a  long  tube, 
bended  into  the  form  of  a  &yphon  inverted,  the  longest 
leg  of  which  formed  the  chimney,  and  the  shortest  the 
furnace.  The  fuel  was  deposited  on  a  grating  near  the 
top  of  the  shortest  leg,  being  supplied  from  above.  Soom 
after  the  ignition  of  .the  fuel,  the  heat  was  communicated 
to  the  longest  leg  or  chimney,  and  by  that  means  a  current 
of  air  was  caused  tapass  downward,  through  the  fuel  and 
under  the  grate,  where  the  smoke  was  consumed. 

Delasme's  apparatus  was  described  in  Dr.  Boerhaave'a 
Treatise  on  Chemistry,  and  likewise  in  Annales  de  Chimie, 
for  1809 ;  in  a  report  made  by  M.  Guyton  M orveau  and 
De  Proney,  on  a  method  employed  at  the  mint,  in  Paris^ 
by  M.  Gengembre,  to  consume  the  smoke  of  a  stean 
engine  Airnace ;  and  as  some  of  the  observations  of  those 
gentlemen  seem  to  afford  a  very  clear  view  of  the  theo- 
retical part  of  the  subject,  we  shall  here  transcribe  them 
from  an  English  translation. 

It  is  well  known  that  black  smoke  is  formed  of  the  vo- 
latilised parts  of  the  fuel,  which  are  suspended  in  the 
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transparent  gases  given  out  in  the  process  of  combustion. 
These  volatilised  parts  are,  as  it  were,  lost  to  the  fire, 
partly  because  the  mass  of  air  which  yielded  the  oxygen 
was  not  in  a  proper  proportion  to  the  quantity  of  the  fuel, 
and  partly  because  the  fuel  was  not  sufficiently  heated  to 
decompose  the  air  with  which  it  was  in  contact.  The  re- 
cent progress  which  the  theory  and  practice  of  the  arts 
which  depend  upon  chemistry  have  made  in  France,  have 
furnished,  for  some  years  past,  several  important  occasions 
of  finding  out  the  best  method  of  fulfilling  the  conditions 
necessary  for  a  complete  combustion,  free  from  any  incon- 
veniences; the  principal  of  which  are: — 

First,  such  a  disposition  of  the  fire-place,  that  a  cur- 
rent of  air  may  be  established,  flowing  through  the  door, 
or  some  opening  into  the  pipe  or  chimney,  by  which  the 
gases,  set  free  by  the  combustion,  are  allowed  to  escape. 

Second,  the  flowing  upon  the  fuel  of  a  mass  of  air,  in  a 
due  proportion  to  the  quantity  of  fuel,  and  in  such  a  man- 
ner that  the  fuel  shall  find,  in  the  air  which  comes  in  coo- 
tact  with  it,  such  a  quantity  of  oxygen,  that  all  the  mole- 
cules of  the  fuel,  which  are  capable  of  being  combined 
with  that  constituent  part  of  the  air,  shall  unite  with  it. 

In  the  month  of  June,  1785,  Mr.  Watt  took  out  patents 
for  several  methods  of  consuming  the  smoke  of  furnaces ; 
and  as  several  modern  patents  present  great  similarity  to 
Mr.  Wattes,  we  shall  here  add  nearly  the  whole  of  his 
specification,  verbatim. 

<^  I,  the  said  James  Watt,  do  hereby  declare  that  the 
following  is  a  particular  description  of  the  nature  of  mjr 
said  invention,  and  in  what  manner  the  same  b  to  be  per-' 
formed;  that  is  to  say,  my  newly-improved  methods  of 
constructing  furnaoes  or  fire-places  consist  in  causing  the 
smoke  or  flame  of  the  fresh  fuel,  in  its  way  to  the  flues  or 
chimney,  to  pass,  together  with  a  current  of  fresh  air, 
through,  over,  or  among,  fuel  which  has  already  ceased 
to  smoke,  or  which  is  converted  into  coke,  charcoal,  or 
cinders,  and  which  is  intensely  hot ;  by  which  means  the 
smoke  and  grosser  parts  of  the  flame,  by  coming  into  close 
contact  with,  or  by  being  brought  near  unto,  the  said  in- 
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tensely  hot  Tuel,  and  by  bein^  mixed  with  the  cnmBt  of 
frBth  or  iinburued  air,  are  consumed  or  coBYerted  iato 
heat,  or  into  pure  flame  free  from  smoke. 

**  I  put  thu  in  practice,  first,  by  stopping  up  every 
avenue  or  passage  to  the  chimney  or  flues,  except  such  as 
are  left  in  the  interstices  of  the  fuel,  by  placing  the  fresh 
fuel  above  or  nearer  to  the  external  air  than  that  wbick 
is  already  converted  into  coke  or  charcoal ;  and  by  con- 
structing the  fire-places  in  snch  manner  that  the  flame, 
and  the  air  which  animates  the  fire,  must  pass  downwards, 
or  laterally,  or  horizontally,  through  the  burning  fuel; 
and  pass  from  the  lower  part  or  internal  end  or  side  of  the 
fire-place,  to  the  flues  or  chimney." 

The  annexed  engraving  represents  a  section  of  a  sleam- 
engine  boiler,  and  its  furnace  or  fire-place,  whfch  is  an 
example  of  this  method  of  heating  or  evaporating  of 
water. 

a  is  the  boiler ;  6  is  a  flue,  surrounding  the  boiler  is 
the  usual  manner;  c  is  the  "up-take,"  or  passage  from  the 
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space  under  the  boiler  to  the  flues;  d  is  a  flue  for  the 
flame  from  the  fire-place  to  the  boiler;  s  is  the  ash-pit,  and 
J  a  Aocft  to  take  the  ashes  out  at,  which  must  be  continually 
kept  shut  during  the  time  of  working;  ghis  the  fire-place. 
The  fresh  fuel  is  put  in  at  g,  and  gradually  comes  down, 
as  the  fresh  fuel  consumes.  About  the  middle  of  the  fuel 
it  is  intensely  hot,  as  it  consists  of  coke  or  coals  that  have 
ceased  to  smoke.  At  t  is  an  opening  or  openings  to  admit 
fresh  air,  and  regulate  the  fire;  ir  is  a  door  into  the  space 
under  the  boiler,  which  being  opened,  admits  air,  and  stops 
the  draught  of  the  chimney,  when  it  is  intended  that  the 
operation  should  cease.  The  fire  is  first  lighted  upon  the 
brick  arch  {,  and,  when  well  ignited,  more  fuel  is  gradually 
added,  until  it  is  filled  up  to  g^  and  care  is  taken  to  leave 
proper  interstices  for  the  air  to  pass,  either  among  the 
fuel,  or  between  the  fuel  and  the  front  wall ;  and  as  much 
air  is  admitted  at  the  opening  i  as  can  be  done,  without 
causing  the  smoke  to  ascend  perpendicularly  from  9,  which 
it  would  do,  if  too  much  air  be  so  admitted.  The  dimen- 
sions of  the  various  parts  of  the  fire-place  may  be  estimated 
by  our  engraving,  which  is  upon  a  scale  of  a  quarter  of  an 
inch  to  a  foot ;  which  makes  the  furnace  ten  feet  from 
front  to  back.  Mr  Watt  observes  that  the  dimensions 
exhibited  are  adjusted  for  burning  about  eighty-four 
pounds  of  coal  per  hour. 

^^  In  some  cases,  after  the  flame  has  passed  through  the 
burning  fuel,  I  cause  it  to  pass  through  a  very  hot  funnel, 
flue,  or  oven,  before  it  comes  to  the  bottom  of  the  boiler, 
or  to  the  part  of  the  furnace  where  it  is  proposed  to  melt 
metal  or  perform  any  other  office,  by  which  means  the  smoke 
18  still  more  effectually  consumed. 

^^  In  other  cases,  I  cause  the  flame  to  pass  immediately 
from  the  fire-place  into  the  space  under  a  bailer^  or  into  the 
bed  of  a  melting  or  other  furnace.'* 

The  annexed  engraving  represents  a  vertical  section  of 
a  furnace  for  melting  iron  or  other  metals,  with  a  similar 
kind  of  fire-place  to  the  foregoing  adapted  to  it,  in  itbich 
the  saoke  letters  of  reference  as  in  the  preceding  flgura 
indicate  sidCkilar  pai'ts  in  this. 
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The  BpeeificatioD  states  that*—"  in  some  eases,  the  part  j 
of  these  fire-places  is  preferred  sloping,  and  otherwise 
varied  in  form  and  proportions;  but  in  all  cases  the  same 
principle,  that  of  placing  the  fresh  fuel  next  to  the  exter- 
nal air,  so  that  the  flame  or  smoke  passes  over  or  through 
the  coked  or  charred  part  of  the  fael.  Occasionally,  the 
opening  g  is  closed  with  a  cover,  to  cause  the  air  to  enter 
wholly  or  principally  al  t." 

The  following  figure  exhibits  another  arrangement  spe- 
cified in  the  same  patent,  and  the  principle  is  dessfr- 
ing  of  attention,  as  other  patents  have  been  subeec[nentl; 
taken  out  for  similar  inventions,  arising  probably  from 
ignorance  of  tbia,  which  the  public  should  know  is  opeo 
to  their  adoption. 

Mr.  Watt  observes, — "  In  some  cases  I*  place  the  freak 
fuel  OD  a  grate,  as  usual,  as  at  a,  and  beyond  that  grate,  al 
or  near  the  place  where  the  flame  passes  into  the  flues  or 
chimneys,  1  place  another  smaller  grate  b,  on  which  I 
maintain  a  fire  of  charcoal,  coke,  or  coals,  which  hare 
previously  burnt  until  they  have  ceased  to  smoke,  which, 
by  giving  intense  heat,  and  admitting  some  fresh  air,  cod- 
sumes  the  smoke  of  the  first  fire. 

"  Iiastly,  be  it  remembered,  that  my  said  new  inventios 
consists  only  in  the  method  of  consuming  the  smoke,  and 
increasing  the  heat,  by  causing  the  tmoke  and  pam  ^  Ik 
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fresh  fuel  to  pass  through  very  hot  fumteU  or  pipes,  or 
aaaong,  through,  or  near,  fuel  which  is  intensely  hot,  and 
which  has  ceased  to  smoke;  and  by  mixing  it  with  fresh 
air,  when  in  these  circumstances;  and  in  the  form  and  na- 
ture of  the  fire-places  herein  mentioned,  described,  and 
delineated :  the  boilers  and  other  parts  of  the  furnaces 
being  such  as  are  in  common  use.  And  be  it  also  remeiii- 
bered  that  these  newly  invented  fire-places  are  applicable 
to  furnaces  for  almost  every  use  or  purpose." 

From  the  wording  of  Mr.  Watt's  claim,  it  is  evident 
that  he  could  not  have  sustained  his  patent,  had  it  been 
disputed:  the  words  we  have  marked  in  italics  form  a 
literal  and  exact  description  of  Delasme's  invention,  juat 
one  hundred  years  before.  This  fact  shows  that  Mr.  Watt 
was  unacquainted  with  the  inventions  and  experiments  of 
the  French  engineers  to  which  we  have  adverted. 

The  next  record  of  an  apparatus  for  the  consumption  of 
smoke,  since  (he  date  of  Mr.  Watt's  patent,  is  the  subject 
of  a  communication  made  (o  the  Society  of  Arts,  in  1790, 
by  Mr.  W.  Pitt,  of  Pendeford,  near  Wolverhampton, 
wherein  he  describes  a  mode  of  converting  (he  smoke 
orisin^  from  steam-engine  furnaces  into  tar,  with  a  view 
-  to  prevent  annoyance  to  the  neighbourhood,  and  obtain- 
33.  5  b 
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ing;  a  quantity  of  a  very  useful  material.     We  make  the 
following  extracts  from  Mr.  Pitt's  letter : — 

^^  That  the  object  is  not  only  attainable,  will  be  demon- 
strated in  the  following  narrative ; — but  also  that  valuable 
articles  of  commerce  may  be  produced  in  large  quantities, 
whenever  the  proprietors  of  such  works  shall  adopt  the 
mode  of  constructing  their  buildings  proper  for  such  pro* 
duction. 

^^  The  articles  of  commerce  I  allude  to,  are  mineral  tar, 
pitch,  and  varnish  :  there  are  already  three  considerable 
works  erected  on  the  banks  of  the  canal  in  this  county,  for 
the  purpose  of  converting  the  smoke  of  pit-coal  into  the 
above  articles;  the  one  at  Mr.  Wilkinson's  great  works  at 
Bradley,  another  at  Tipton,  and  a  third  at  the  level 
colliery  and  iron  works  upon  Dudley-wood ;  they  were 
erected  by  Lord  Dundonald  and  Co.,  and  the  business  is 
carried  on  with  success. 

'^  These  tar-works  are  erected  in  the  vicinity  of  large 
iron  and  coal  works :  the  iron  masters  furnish  the  tar  works 
with  raw  coal,  gratis,  and  receive  in  return  the  cokes  pro- 
duced by  such  coal;  and  the  proprietors  of  the  tar  works 
have  the  smoke  only  for  their  labour,  and  interest  of 
capital. 

'^  The  process  is  conducted  in  the  following  manner:^ 
a  range  of  eighteen  or  twenty  stoves  is  erected,  and  sup- 
plied with  coal  kept  burning  at  the  bottom  ;  the  smoke  is 
conducted  by  proper  horizontal  tunnels,  into  a  capacious 
and  close  funnel,  of  one  hundred  yards  or  more  in  length; 
this  funnel  is  built  with  brick,  supported  by  brick  arches, 
and  covered  on  the  top  by  a  shallow  pond  of  water,  which 
pond  is  supplied  with  water,  when  wanted,  by  a  steam 
engine  belonging  to  the  coal  or  iron  works ;  the  chill  of 
the  water  gradually  condensing  the  smoke,  it  falls  upon 
the  floor  of  the  funnel  in  the  form  of  tar,  and  is  conveyed 
by  proper  pipes  into  a  receiver,  from  whence  it  is  pumped 
into  a  large  boiler,  and  boiled  to  a  proper  consistence,  or 
otherwise  inspissated  into  pitch :  when  the  latter  is  the 
case,  the  volatile  particles  which  arise  during  the  iospissa* 
tion  are  again  condensed  into  an  oil  used  for  varnish. 
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^^  In  this  process  the  smoke  is  decomposed  and  destroyed, 
nothing  arising  from  the  work  but  a  white  vapour  from 
some  small  funnels,  (kept  open  to  give  draught  to  the 
fires),  and  a  small  evaporation  of  water  from  the  pond, 
occasioned  by  the  warmth  of  the  smoke  within  the  funnel. 

^^  The  process  requires  but  little  attendance,  the  princi- 
pal labour  being  that  of  supplying  the  fuel.  In  any  one 
of  the  tar  works,  the  quantity  of  coal  used  is  about  twenty 
tons  per  day  ;  three  labourers,  with  a  foreman,  are  suffi-* 
cient  for  the  whole  business :  the  quantity  of  tar  pro- 
duced will  be  about  twenty-eight  barrels,  of  two  hundred 
weight  and  a  half,  in  six  days,  worth  ten  shillings  per  hun- 
dred ;  or  twenty-one  barrels  of  pitch  of  the  same  weight, 
worth  fifteen  shillings  per  hundred  ;  though  I  was  assured 
upon  the  spot,  by  a  very  intelligent  person,  that  some  coal  is 
of  so  bituminous  a  quality,  as  to  give  one-eighth  its  weight 
of  tar :  but  the  quantity  above  slated  is  about  the  average 
produce. 

^*  In  order  to  bring  the  above  practice  within  the  So- 
cietv^s  intentions,  an  alteration  in  the  erection  of  steam 
ep«fines«  furnaces,  &c.  must  take  place;  the  alteration  will 
be  no  more  than  that  of  erecting  them  below  ground,  in- 
stead of  above :  and  when  raising  water  is  the  main  ob- 
ject, an  adoption  of  the  forcing  or  lifting  pump,  instead  of 
the  sucking  pump,  or  the  sucking  pump  may  be  still 
employed,  wherever  the  fall  of  ground  gives  an  op- 
portunity of  letting  oiT  the  water  raised,  by  an  aqueduct ; 
in  which  case,  the  lift  being  shortened,  and  less  power 
necessary,  ample  amends  will  be  thereby  made  for  the 
expense  of  such  aqueduct. 

^^  Such  land  of  buildings,  from  a  low  situation  within 
the  earth'3  surface,  will  certainly  acquire  additional  stabi 
lity  :  and  to  those  who  are  acquainted  with  the  trifling 
expense  of  removing  soil  to  small  distances,  the  additional 
charge  will  appear  trifling,  and  will  be  more  than  recom- 
pensed by  such  acquired  stability.  In  some  local  situations, 
in  hilly  countries,  the  smoking  works  being  erected  at  the 
foot,  and  the  tar  funnel  higher  up  the  hill,  a  communica- 
tion may  be  effected  without  such  alteration. 
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*'  I  find  by  reports  from  other  quarters,  that  ancets- 
ful  attempts  have  been  made  to  make  coke  of  the  coal 
employed  in  working  steam  engines;  the  additional inw 
provements  of  making  tar  from  the  smoke,  would  not  only 
prevent  annoyance  to  the  neighbourhood,  but  also  apply 
to  the  best  advantage  every  particle  of  that  valuable  and 
comfortable  article,  coal ;  prodigious  quantities  of  which 
are  at  present  wasted  by  being  burned  in  one  place  for 
heat  only,  in  another  for  coke  only;  when,  by  due  atten- 
tion, both  purposes  might  in  many -cases  be  effected  at  lbs 
same  time. 

*'  I  was  informed  on  the  spot,  from  undoubted  aathoritv, 
that  the  consumption  of  coal  in  Mr.  Wilkinson's  greal 
works,  at  Bradley,  is  one  hundred  tons  per  day;  about 
cue-fifth  of  the  smoke  is  actually  employed  in  the  malii'ir 
of  tar;  and  the  remainder,  or  the  smoke  of  eighty toi» 
per  day,  flies  away.  This,  if  collected,  would  yield  ap> 
wards  of  eighteen  barrels  of  tar,  of  two  hundred  aada 
half  each;  and  if  the  smoke  of  the  great  works  oi  the 
kingdom  were  in  general  collected  for  the  same  use,  whit 
a  prodigious  addition  would  it  be,  to  the  production  m  > 
commercial  and  necessary  article,  which  always  linda  ■ 
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ready  market,  and  will  in  many  instances  supply  the  Ve- 
getable tar  at  present  imported  from  abroa4  ! 

^'  The  tar  works  at  present  erected,  are  in  an  oblong 
form;  it  is  probable,  if  the  idea  above  described  be 
adopted,  a  circular  plan  would  be  most  suitable,  some- 
what  similar  to  the  drawing  prefixed. 

'' Explanation  of  the  Plan,  a  is  the  steam  engine,  the 
base  of  which  suppose  thirty  feet  below  the  earth *8  sur- 
face, b  b  the  tar  funnel,  supported  by  arches,  and  covered 
with  water,  suppose  the  water  fifteen  feet  above  the  earth's 
surface,  ccccc  area  sunk  nearly  as  deep  as  the  base  of 
the  building  a.  d  gang-way,  level  with  the  earth's  sur- 
face. I9  S,  3, 4,  funnels  communicating  from  the  main  chim- 
ney to  the  tar  funnel." 

The  following  specification  is  descriptive  of  the  next 
invention  on  record,  which  we  insert  verbatim,  as  the  un- 
defined manner  in  which  the  invention  is  described  makes 
it  somewhat  hazardous  to  explain  with  certainty  what 
were  the  exact  arrangements  intended. 

The  claims  are  however  particularly  worthy  of  notice, 
as  shewing  that  the  inventions  of  the  rival  disputants,  who 
recently  figured  in  a  court  of  law,  were  in  a  great  measure 
anticipated  by  the  claims  herein  made. 

Patent  Method  of  changing  the  Smoke  or  Vapour  arising 
from  the  combustion  of  many  kinds  of  substances  in 
various  useful  materials.     By   C,  W.  Ward,  of  Hatton 
Garden,  London.  1792. 

^^  Now  know  ye,  that  I,  the  said  Charles  William  Ward, 
in  compliance  with  the  proviso  in  the  said  letters  patent 
contained,  do  hereby  describe  and  ascertain  the  nature  of 
my  said  invention  of  a  method  of  changing  the  smoke,  or 
vapour,  arising  from  the  combustion  of  many  kinds  of 
substances  into  various  useful  materials,  according  to  the 
substances  burnt  as  follows.  All  smoke  or  vapour  from 
the  combustion  of  different  bodies,  is  capable  of  being  de- 
composed or  condensed ;  but  as  the  vapours,  according  to 
the  substance  they  proceed  from,  require  to  pass  through 
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cold  water,  ibe  steam  of  boiling  water,  or  to  be  confined 
some  time  in  cold  vessels,  before  tbey  can  be  condensed, 
the  change  cannot  be  effected  by  any  method  hitherto 
known,  because  none  of  them  are  capable  of  makings  the 
vapour  pass  through  water,  or  of  confining  it  long  enough 
to  condense,  without  choking  up  the  draught  of  air  neees- 
sary  for  the  burning  of  the  fires.  My  invention  supplies 
this  defect,  by  making  a  constant  draught  from  the  fires, 
and  causing  the  vapours  to  pass  through,  or  be  retained 
in  proper  vessels,  a  sufficient  time  for  it  to  condense ;  this 
is  effected  by  connecting  the  aperture  of  the  chimney  or 
chimneys  with  the  condensing  vessels  or  chambers,  by 
means  of  tubes  or  pipes;  then  is  to  be  placed,  either  be- 
tween this  connexion,  or  behind  the  condensing  vessels, 
any  machine,  or  machines,  whose  principle  depends  upon 
the  known  property  of  all  fluids  rushing  in  to  fill  up  the 
vacuum  caused  by  their  action ;  that  is  to  say,  air  pumps, 
water  pumps,  ventilators,  bellows,  air  machines,  &c.;  these, 
however  different  their  constructions,  have  all  one  com- 
mon principle,  and  therefore  the  application  of  them,  or 
others  depending  upon  the  said  principle,  to  effect  the 
purpose  before-mentioned,  will  be  an  infringement  upon 
my  said  patent ;  the  size,  number,  and  construction,  of 
the  condensing  vessels,  must  depend  upon  the  vapour  to 
be  decomposed,  as  some  vapours  are  more  difficult  to 
condense  than  others,  and  therefore  require  a  longer 
process. 

^^  The  apparatus  being  thus  fixed,  the  substances  to  yield 
the  smoke,  or  vapour,  are  to  be  set  on  fire  under  the  chim* 
ney,  or  chimneys,  and  the  machine  or  machines,  set  in  mo- 
tion by  a  steam  engine,  horse,  water  wheel,  &c.,  the 
vapours  will  be  drawn  from  the  fires  by  the  action  of  the 
machine,  and  made  to  pass  through  the  condensing  vessels 
to  be  decomposed.  There  roust  be  apertures  at  the  ends 
of  the  condensing  vessels,  if  the  pumping  machine  be  placed 
between  them  and  the  chimney,  to  open  and  shut,  for  the 
purpose  of  giving  vent  to  the  incondensable  airs,  which 
will  combine  with  the  vapours  in  burning,  and  pass  wtih 
them  through  the  apparatus.     If  the  machine  be  placed 
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behind  the  vessels,  there  will  be  no  occasion  for  those  aper* 
tures.     In  witness,  Sic." 

No  drawings  are  attached  to  the  foregoing  specification, 
and  as  it  contains  no  defined  plans  that  appear  to  have 
been  reduced  to  practice,  (he  information  it  gives  does  not 
extend  beyond  an  explanation  of  the  principle  of  the  ope- 
ration. We  shall  have  occasion  to  make  some  further  re- 
marks upon  this  mode  of  preventing  the  issue  of  dense 
smoke  from  furnaces. 

In  1796,  a  plan  by  Mr.  William  Thomson,  of  Bow  Lane, 
Cheapside,  was  published  in  the  Repertory  of  Arts,  which 
appears  to  be  the  earliest  furnace  of  that  construction ; 
we  annex  an  abbreviated  description  of  it. 

The  following  figure  represents  a  longitudinal  and  verti- 
cal section  of  the  furnace,  (and  consequently  of  the  boiler 
too,  which  has  two  horizontal  flues  running  through  it,  but 
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not  represented  in  our  drawing);  6  the  fire-place,  which 
must  be  about  one-third  longer  than  they  are  generally 
made;  c  an  arch  which  runs  across  the  fire-place,  two 
inches  lower  than  the  bottom  of  the  flue  under  the  boiler, 
and  about  the  middle  of  the  fire-place ;  e  is  the  door  of 
the  fire-place,  which  is  to  have  a  small  shutter  in  it. 
Through  this  shutter  the  coals  must  be  gently  stirred  up, 
by  the  slice  or  poker,  taking  cnre  not  to  injure  the  arch, 
nor  to  raise  too  great  a  quantity  of  coals  at  once;  /  is  a 
small  space  left  behind  the  fire,  for  a  current  of  air  to  come 
through;  adjoining  which,  at  the  extremity  of  the  grate 
bars,  there  is  a  brick  placed  across  the  fire-place,  to  prevent 
the  coals  from  falling  over.  There  are  two  slides  not 
shown  in  the  drawing,  the  one  to  shift  backwards,  and  the 
other  forwards,  to  make  the  space/,  for  the  current  of  air, 
larger  or  smaller,  as  may  by  practice  be  found  best. 

The  operation  consists  in  the  arch  c  hindering  the  smoke 
from  going  up  the  chimney  without  passing  through  the 
fire  behind  it,  which  having  a  strong  draught,  burns  the 
smoke  as  it  passes  through  it :  the  air  which  comes  up 
through  the  space/,  being  necessary  to  the  complete  com- 
bustion of  it. 

In  1801,  Messrs.  John  &  James  Robertson,  of  Glasgow, 
took  out  patents  for  their  improved  furnace,  in  which  it  was 
stated  that  the  smoke  was  completely  burned.  This  inven- 
tion has  already  been  described  by  Mr.  Galloway,  in  the 
first  part  of  this  work,  page  145,  which  the  inquiring 
reader  had  better  peruse,  before  he  proceeds  further  in  this 
account.  Messrs.  Robertson's  have  the  credit,  (we  cannot 
add  whether  justly  or  not),  of  being  the  first  who  succeeded 
in  the  project  of  economically  burning  the  smoke.  About 
this  period,  many  manufacturers  were  indicted  for  nuisances, 
and  compelled  to  adopt  measures  to  remedy  the  inconve- 
niences resulting  from  the  escape  of  dense  smoke;  but  not- 
withstanding the  apparent  simplicity  of  the  process,  very 
little  success  attended  their  endeavours,  owing  probably 
to  the  unskilful  management  of  ignorant  and  prejudiced 
workmen.  It  was  contended  by  the  proprietors  of  steam 
engines,  that  the  admission  of  fresh  air,  produced  ignition 
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of  the  smoke,  before  it  eatered  the  chimney,  had  the  effect 
of  cooling  the  boiler,  and  that  it  required  in  consequence 
a  greater  quantity  of  fuel  to  work  an  engine.  This  objec- 
tion confirms  us  in  our  opinion,  that  the  want  of  success 
was  owing  to  injudicious  management ;  that  more  air  was 
admitted  than  necessary  to  supply  the  requisite  quantity 
of  oyxgen  to  the  carbonaceous  matter,  and  that  failure 
was  not  the  result  of  any  defect  of  the  principle. 

In  the  year  1812,  Mr.  William  Eretts  Sheffield  took  out 
a  patent  for  improved  reverberating  furnaces  for  smelting 
metals,  in  which  he  introduced  what  he  termed  an  air-con- 
ductoTy  for  the  purpose  of  conveying  a  stream  of  pure  at- 
mospheric air  upon  the  surfaces  of  the  metallic  substances 
under  reduction ;  but  it  appears,  by  the  tenor  of  his  speci- 
fication, that  he  did  not  contemplate  the  application  of  the 
air  conductors  to  the  burning  of  the  smoke  of  steam  engine 
and  other  furnaces,  which  it  subsequently  proved  very 
efficacious  in  performing. 

This  air-condtictor  consisted  of  a  vertical  passage  or 
tube  made  in  the  bridge,  or  wall  of  brick-work  at  the  back 
of  the  furnace,  the  lower  end  of  which  opened  into  the  ash- 
pit, where  it  was  widened,  and  the  size  of  the  aperture  re- 
gulated by  a  valve,  which  valve  was  operated  upon  by  a 
long  rod  passing  through  the  front  enclosure  of  the  ash- 
pit ;  the  upper  extremity  of  the  air  tube  or  passage  did 
not  pass  vertically  through  the  bridge,  but  had  a  horizon- 
tal turn  given  to  it,  by  which  the  jet  was  thrown  upon  the 
substances  under  operation,  or  against  the  current  of 
heated  vapours  before  they  passed  over  the  bridge ;  and 
this  minor  stream  of  fresh  air  was  found  to  impart  suffi- 
cient oxygen  to  the  carbonaceous  matter  in  the  rising  va- 
pours from  a  coal-fire,  to  produce  ignition  and  bum 
smoke.  Thus  was  obtained  an  eifect  which  was  not  con- 
templated by  the  patentee,  as  he  only  notices,  in  his  speci- 
fication, the  utility  of  his  plans  in  metallurgic  operations.— 
We  shall  have  occasion  to  make  another  remark  on  this 
furnace,  after  having  described  two  or  three  others  that 
follow  in  chror  ological  order. 

The  annoyance  and  pernicious  effects  experienced  by 
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the  public  from  a  sooty  atmosphere,  drew  the  attention  of 
the  legislature  to  the  subject,  about  twelve  years  ago;  and 
a  select  committee  of  the  House  of  Commons  was  ap- 
pointed in  1819,  ^'  to  inquire  how  far  it  might  be  practi- 
cable to  compel  persons  using  steam  engines  and  furnaces 
in  their  different  works,  to  erect  them  in  a  manner  less 
prejudicial  to  public  health  and  comfort,  and  to  report 
their  observations  thereupon  to  the  House/' 

Unfortunately,  however,  the  appointment  of  the  com- 
mittee did  not  take  place  until  so  late  a  period  in  the  ses- 
sion, that  the  investigation  did  not  proceed  so  far  as  was 
desirable;  nevertheless,  several  persons  were  examined 
by  the  committee,  whose  minds  had  been  long  and  practi- 
cally directed  to  the  extinction  of  the  evil. 

The  committee  having  ascertained  and  reported  to  the 
House  that  the  reduction  of  smoke  from  furnaces  might 
be  practically  accomplished,  a  bill  to  embrace  that  object 
was  brought  into  the  House  and  passed,  of  which  the  fol- 
lowing is  an  abstract : — 

<<  Stat.  1  and  S  Geo.  IV.  cap.  41,  entitled, 

'^An  Act  forgiving  greater  facility  in  the  prosecution 
and  abatement  of  nuisances  arising  from  furnaces  used  in 
the  working  of  steam  engines.  To  commence  Sept.  1, 1821 : 

^^  Whereas  great  inconvenience  has  arisen,  and  a  great 
degree  of  injury  has  been,  and  is  now  sustained  by  his 
Majesty's  subjects,  in  various  parts  of  the  United  Empire, 
from  the  improper  construction,  as  well  as  from  the  negli- 
gent use  of  furnaces  employed  in  the  working  of  engines 
by  steam  ;  and  whereas,  by  law,  every  such  nuisance 
baing  of  a  public  nature,  is  abateable  as  such  by  indict- 
ment, but  the  expenses  attending  the  prosecution  thereof 
•have  deterred  parties  suffering  thereby  from  seeking  the 
remedy  given  by  law  ;  Be  it  therefore  enacted,  by  the 
King's  most  excellent  Majesty,  by  and  with  the  advice 
and  consent  of  the  Lords  spiritual  and  temporal,  and  Com« 
mons  in  this  present  Parliament  assembled,  and  by  the 
authority  of  the  same.  That  it  shall  and  may  be  law- 
ful for  the  court,  before  whom  any  such  indictment  sbsll 
be  tried)  in  addition  to  the  judgment  pronounced,  by  the 
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BE  d  court,  in  case  of  conviction,  to  award  such  costs  as  niay 
be  deemed  proper  and  reasonable  to  the  prosecutor  or 
prosecutors,  to  be  paid  by  the  party  or  parties  so  convicted. 

^^  And  be  it  further  enacted,  that  if  it  shall  appear  to  the 
court  before  which  any  such  indictment  shall  be  tried, 
that  the  grievance  may  be  remedied  by  altering  the  con- 
struction of  the  furnace,  or  any  other  part  of  the  premises 
of  the  party  or  parties  so  indicted,  it  shall  be  lawful  to 
the  court,  without  the  consent  of  the  prosecutor,  to  make 
such  order  touching  the  premises,  as  shall  be  by  the  said 
court  thought  expedient  for  preventing  the  nuisance  in 
future,  before  passing  final  sentence  upon  the  defendant 
or  defendants  so  convicted." 

It  is  also  provided,  that  the  provisions  of  this  act  shall 
not  extend  to  steam  engines  employed  solely  in  the  work* 
ing  of  mines,  or  smelting  of  metals. 

Mr.  Joseph  Gregson,  the  first  witness  examined  before 
the  committee,  stated  his  opinion  of  the  principal  causes 
of  the  nuisance  to  be,  the  putting  on  the  fire,  or  into  the 
furnace,  too  much  crude  fuel  at  one  time,  and  the  chim- 
neys being  in  general  too  low.  He  was  acquainted  with 
several  modes  that  had  been  practised  to  remove  the  nui- 
sance, which  had  been  done  effectually  under  steam-engine 
boilers ;  but  being  generally  attended  with  an  increased 
consumption  of  fuel,  it  had  seldom  been  adopted.  In  small 
boilers,  where  coke  can  be  used  instead  of  coal,  the  success 
had  been  more  complete;  but  under  large  boilers,  where 
a  flaming  fuel  was  required  to  act  on  all  sides,  Mr.  Greg- 
son  was  not  aware  of  any  plans  that  effected  the  object 
better  than  those  which  he  had  invented. 

The  principle  upon  which  these  plans  were  founded, 
consists,  first,  in  causing  all  the  smoke,  after  it  has  arisen 
from  the  fire,  to  return  into  the  heat  of  the  fire  before  it 
enters  into  the  flue  or  chimney,  and  so  be  consumed; 
secondly,  in  putting  on  no  more  fuel  at  any  one  time  than 
the  smoke  of  which  can  be  consumed;  and  that  without 
opening  the  furnace  door  for  the  purpose;  thirdly,  in  sup* 
plying  every  fire  with  a  current  of  air,  to  counteract  the 
effect  of  those  w'nds  that  operate  against  the  draught. 
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Mr.  Gregson*s  Patent  Furnace  for  consuming  its  oum  Smote. 

18i.V 

The  above  engravinif  represents  a  vertical  section  of 
the  apparatus.  The  fire>pl&ce  G,  and  the  feeding-door  F, 
are  made  as  usual;  the  smoke  passes  over  the  bridge  D,  and 
under  the  said  bridge  is  an  aperture,  through  which  a  very 
iptense  heat  passes,  which  enflames  and  consumes  the 
smoke  in  the  descending  flue,  bynieans  of  the  supply  of 
air  through  the  aperture  C ;  it  then  passes  into  the  com- 
mon fiue  or  chimney  A  A,  formed  in  the  usual  manner; 
Z  Z  is  the  air-shaft  and  drain  to  supply  the  fire  with  air, 
through  a  valve  situated  under  the  fire-place. 

The  next  witness  examined  was  Mr.  William  Moult,  of 
Whitby,  who  stated  to  the  committee,  that  "  the  former 
mode  of  heating  the  boilers,  (at  the  Stowbrow  Alnm 
Works,)  was  by  putting  the  coals  over  the  bars  in  the 
common  way;  but  my  method  is  to  make  the  Same  cone 
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over  the  coals,  which  are  laid  upon  an  iron  platey  which 
lights  the  coals  at  the  top,  and  the  red  part  of  the  coal  is 
next  the  bottom  of  the  boiler;  by  that  means  the  smoke, 
as  it  rises  from  the  coals,  is  consumed  in  its  passage  over 
the  bars.  The  consumption  of  fuel  of  the  old  boiler  was 
regularly  eighteen  bushels  of  coals  in  twenty-four  hours ; 
but  when  altered  in  this  manner,  twelve  bushels  of  coals 
produced  a  similar  effect ; — there  was  no  more  smoke  than 
from  a  common  chimney."  Mr.  Moult  patented  this  fur« 
iiace  in  1815. 

Our  readers  will  observe  that  Mr.  Moult's  manner  of 
feeding  furnaces  is  now  very  commonly  adopted.  It  pos- 
sesses not  merely  the  advantage  of  burning  a  great  por- 
tion of  the  smoke,  but  in  effecting  an  important  saving  in 
fuel,  which  may  be  accounted  for  by  the  circumstance  of 
the  small  coals  becoming  ignited  and  cemented  together, 
before  they  arrive  upon  the  grate,  through  the  bars  of 
which  a  considerable  portion  of  them  would  drop  and  be 
wasted,  were  they  placed  there  in  the  first  instance. 

Although  the  evidence  of  Dr.  Tuthill  (who  was  the  next 
witness  examined  by  the  committee  of  the  House  of  Com- 
mons) does  not  relate  to  the  description  of  any  defined 
plan  for  the  improvement  of  the  construction  of  furnaces, 
yet,  as  it  contains  observations,  facts  and  suggestions  of  au 
important  and  interesting  nature,  we  feel  ourselves  war- 
ranted in  inserting,  in  this  place,  a  concise  report  of  them. 
In  answer  to  numerous  questions,  the  doctor  said,  ^^  I  be- 
lieve the  atmosphere  of  London  to  be  prejudicial  to 
health;  the  accounts  which  have  been  published  at  dif- 
ferent times,  concerning  the  relative  duration  of  life  in 
London  and  in  the  country,  may  be  considered  as  having 
proved  that  duration  to  be  considerably  diminished  by  a 
residence  in  this  metropolis.  It  is  probable  that  this  de- 
pends upon  the  atmosphere  of  London.  There  are  a 
great  variety  of  causes,  which  contribute  to  render  that 
atmosphere  unfavourable  to  health ;  and  I  think  we  may 
be  warranted  in  assuming,  that  whatever  we  can  discover 
in  such  atmosphere,  so  as  to  render  it  different  from  that 
of  the  country,  may  contribute  to  produce  this  effect ;  and 
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therefore  it  becomes  probable,  that  the  qaantity  of  carbo- 
naceous matter  suspended  in  it,  is  one  of  the  causes  of  its 
insalubrity.  The  rapid  advancement  to  recovery,  which 
we  frequently  see  in  sick  persons,  during  a  short  residence 
in  the  country,  proves  the  influence  which  the  atmosphere 
of  London  has  upon  health  ;  there  are  many  diseases  in- 
cident to  the  human  body,  in  which  the  influence  of  that 
atmosphere  may  be  more  easily  detected,  than  in  a  state 
of  health.  In  certain  diseases  of  the  lungs,  especially,  I 
think  it  may  be  proved  that  the  smoke  of  London  is  pre- 
judicial. I  conceive  that  the  fog  peculiar  to  London,  so 
difierent  in  its  sensible  properties  from  any  fog  in  the 
country,  depends  upon  the  smoke  of  the  metropolis,  and 
is  prejudicial  in  many  diseased  states  of  the  lungs.  The 
greater  the  quantity  of  carbonic  acid  gas,  in  a  given  ?o- 
lume  of  air,  the  greater  would  be  the  insalubrity  of  that 
air*  But  in  crowded  cities,  the  air  is  contaminated  from 
a  variety  of  other  causes,  which  chiefly  owe  their  origin 
to  the  exhalations,  either  from  the  living  animal  body,  or 
from  decomposing  animal  and  vegetable  matter,  when  the 
principle  of  vitality  is  extinct. 

^^  I  conceive  the  smoke  arising  from  furnaces  might  be 
prevented ;  that  is,  that  the  carbonaceous  matter  which 
issues  from  such  chimneys,  and  now  mixes  with  the  atmo- 
sphere, may  be  converted  into  carbonic  acid  gas. 

^^  I  think  it  can  be  effected,  by  making  the  smoke  pass 
through  an  ignited  tube,  whilst  the  combustion  of  the  soot 
is  there  assisted  by  a  fresh  current  of  atmospheric  air.  I 
see  no  reason  why  a  simple  apparatus  may  not  be  so  con- 
trived, as  to  render  that  combustion  complete.  But  it 
appears  to  me  to  be  deserving  of  consideration,  whether 
this  annihilation  of  smoke  ought  to  be  confined  to  manu- 
factories. If,  instead  of  burning  common  coal,  that  fuel 
were  first  divided,  as  it  now  is  in  the  gas-light  manufac- 
tories, into  coke  and  carbonated  hydrogen  gas,  and  these 
were  afterwards  consumed  in  union,  the  brilliancy  and 
warmth  which  we  now  enjoy  by  our  fire-sides,  would,  to 
say  the  least,  be  undiminished^  whilst  the  smoke  would  be 
entirely  destroyed.     This  may  be  tried  without  any  diS* 
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cttUy,  by  the  judicious  admission  of  gas  into  a  common 
grate  filled  with  coke;  the  materials,  in  fact,  would  be 
Ihe  same  as  of  our  common  fires,  but  employed  in  a  state 
of  gv'eater  purity.  There  is  no  limit  to  this  mode  of  de- 
stroying smoke :  and  should  a  plan  of  this  nature  be  here- 
after adopted,  chimneys,  as  they  are  now  constructed,  would 
be  quite  unnecessary ;  a  small  tube  would  be  sufficient." 

Mr.  William  Losh,  of  Newcastle-upon-Tyne,  was  next 
examined  by  the  committee,  on  this  important  subject. 
Mr.  Losh  stated,  that  in  several  engines  which  had  been 
erected  upon  his  plans,  the  smoke  was  entirely  consumed. 
These  plans,  which  were  secured  to  him  by  patent,  dated 
April  8,  1815,  (now  expired,  and  open  to  public  use,)  he 
laid  before  the  committee,  and  fVom  these  documents,  to- 
gether with  a  reference  to  the  specification  of  his  patent, 
we  have  compiled  the  following  account : — 

The  principle  upon  which  the  mechanical  arrangements 
are  founded,  consists  in  the  application  of  the  caloric 
evolved  during  the  combustion,  free  from  the  cooling  in- 
fluence of  any  cold  undecomposed  air,  in  a  sudden  and 
equable  manner,  to  the  bottom  of  the  boiler,  or  other 
vessel. 

The  plan  consists  in  placing  the  furnace-bars  as  near  as 
possible  under  the  middle  of  the  boiler's  bottom,  and  to 
have  the  aperture  or  apertures  for  the  escape  of  the  rare- 
fied air  and  smoke,  above  the  door  through  which  the  fuel 
is  put  in ;  so  that  the  heated  air  and  gases,  by  their  ex- 
pansive force  and  diminished  specific  gravity,  shall  pre- 
vent the  cold  air  of  the  atmosphere  from  penetrating  be- 
neath the  bottom  of  the  boiler,  in  order  that  the  cold  air 
admitted  at  the  door  where  the  fuel  is  introduced,  shall, 
in  its  passage  to  the  chimney,  have  no  tendency  to  mix 
with  the  heated  gases,  until  after  they  have  ceased  to  act 
upon  such  parts  of  the  boiler,  as  are  required  to  be  sub- 
jected to  their  action  alone.  A  division  of  cast-iron 
plates,  extending  from  the  ends  of  the  bars  next  to  the 
door,  separates  the  grate-room  from  the  ash-hole  and  air- 
duct,  and  prevents  any  air  from  passing  into  the  grate- 
room  which  does  not  pass  through  the  ignited  fuel. 
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It  is  evident,  that  if  cold  air  be  perroitted  to  ImTe  acces 
to  the  bottom  of  a  boiler,  a  larger  fire,  or  an  increaaed 
consumption  of  fuel  will  be  requisite,  to  produce  a  giren 
effect;  and  thus  to  maintain  the  steam  at  a  sofficieot  ex- 
pansive force  to  work  an  engine,  an  intense  heat  is  ap- 
plied, sufficient  to  flux  the  fuel  into  slags,  and  sometimes 
even  to  fuse  the  bars;  but  when  this  last  effect  does  not 
take  place,  the  temperature  of  the  bars  is  usually  so  hi^h, 
that  the  atmospheric  air  coming  in  contact  with  tkem, 
rapidly  oxidates  their  surfaces,  which  fall  off  in  successive 
scales,  until  the  whole  substance  of  the  metal  is  corroded 
away. 

An  advantage  therefore  results  from  Mr.  Losb's  ex- 
cluding the  cold  atmospheric  air,  which  obviates  the  evil 
consequences  just  mentioned  attending  its  admission*  The 
position  of  Mr.  Losh^s  fire-places  likewise  enable  a  more 
effectual  support  to  be  given  to  the  bottom  of  the  boilers, 
(an  object  of  great  importance  when  of  large  capacity,) 
than  is  practicable  by  the  usual  mode  of  setting  theoi. 

According  to  this  plan,  the  caloric  and  heated  gases 
ascend  and  radiate  from  the  burning  fuel,  and  impinge 
against  the  boiler  with  extreme  velocity  and  intensity, as 
they  meet  with  no  substance  to  direct  them  from  their 
course,  or  to  which  they  can  impart  a  portion  of  their 
heat;  an  economy  of  fuel  seems  to  be  a  necessary  result 
from  this  arrangement,  while  it  affords  a  very  expeditioifi 
means  of  getting  up  the  steam  to  start  an  engine. 

The  specification  of  Mr.  Losh's  patent  is  very  volu- 
minous; besides  a  description  of  eighteen  drawings,  vrhich 
accompany  it,  he  enters  largely  into  the  theory  of  the  sub- 
ject, gives  a  history  of  his  experience,  bis  views,  and  his 
opinions,  contrasting  other  plans  with  his  own,  which  last 
are  in  all  respects,  of  course,  the  acme  of  perfection.  This 
document  is  obviously  intended  to  serve  the  purpose  of  ao 
advertisement,  but  from  the  talent  and  great  experience 
of  the  writer  it  is,  nevertheless,  worth  the  reading.  Our 
space  will  not  permit  us  to  describe  only  those  plans 
which  he  submitted  to  the  Committee  of  the  House  of 
Ciommons,  in  1818.    We  commence  with  his  furnace  for 


FOR  COKSITMIMa  THEIA   BMOKE  '771 

an  oblong  steam  boiler,  and  shall  next  give  his  form  of 
furnace  for  vessels  of  a  circular  fortu. 


Patent  Furnace  for  consuming  Smoke  under  an  oblong 
Steam  Boiler,  by  Wm.  Lo$h,  of  Newcastle.  1815. 
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Fig.  ],  19  a  plan  or  horizontal  section  of  the  furnaces 
for  heating  a  steam-engine  boiler,  taken  at  the  le?el  of 
the  grate  bars;  the  area  included  within  the  dotted  lines 
aa  a  a,  shews  that  part  above  which  the  boiler  rests  when 
put  upon  its  seat;  A  and  Bare  the  respective  grate-bars 
of  the  two  furnaces;  d  d  the  flooring  plates,  which  pre- 
vent the  air  from  penetrating  from  the  ash-pit  into  the 
grate-room,  except  through  the  grate  bars  and  barning 
fuel;  these  plates  are  supported  by  several  bars,  in  case 
they  should  by  accident  crack;  h  h  are  the  fire  doors  and 
frame;  g  the  partition,  which  separates  the  two  furnaces, 
and  supports  the  bottom  of  the  boiler ;  ^  the  base  of  the 
chimney. 

Fig.  2,  is  a  vertical  and  longitudinal  section  of  the 
boiler  and  brick-work,  and  furnaces;  the  letters  in  which 
refer  to  the  same  parts,  as  shewn  in  the  plan,  g  the  divi- 
sion between  the  two  furnaces  il  By  dd  the  flooring-plates, 
below  which  are  the  ash-pits.  The  direction  of  the  flames, 
from  the  combustion  of  the  fuel  in  the  grates,  shew  the 
course  they  respectively  take  to  the  flues /"/! 

Fig.  3,  is  a  vertical  and  transverse  section  of  the  boiler, 
brick-work,  &c.  the  letters  of  reference  applying  to  the 
same  parts  as  in  the  other  figures. 

N.  B.  Where  it  is  of  great  importance  to  save  fuel,  it 
would  be  advisable  to  have  register  dampers  on  the  ash- 
pits, by  which  the  admission  of  the  air  might  be  regulated 
in  the  exact  ratio  required  to  keep  up  a  due  combustion 
of  the  fuel  in  the  furnaces. 

In  order  to  burn  the  smoke  effectually,  it  is  to  be  made 
to  penetrate  with  the  atmospheric  air  through  the  burO' 
ing  fuel,  by  having  dampers  at  n  and  y,  (the  apertures  of 
the  furnace  B  and  A  into  the  flues)  perforations  are  also 
to  be  made  through  the  flooring  plates  at  r  and  5,  with 
corresponding  covers  and  doors,  or  registers,  on  the  ash- 
pits at  p  and  q. 

Suppose  the  fires  to  be  burned  bright,  and  that  furnace 
jB  requires  a  fresh  supply  of  coals,  shut  the  damper  n  and 
open  t/y  draw  the  cover  of  the  perforated  plate  at  r,  and 
keep  5  shut ;  shut  the  ash-pit  door,  or  register  9,  and  opeop' 
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Then  must  the  soot  which  sublimes  from  furnace  B  pass 
into  the  ash-pit  through  r,  and  be  carried  with  the  current 
of  atmospheric  air,  which  enters  at  p,  through  the  opening 
in  the  wall  o,  to  the  furnace  Ay  where  it  will  penetrate 
through  the  grates  and  fuel,  and  be  converted  into  gaseous 
products.  By  reversing  the  operation  of  the  damper,  the 
dense  products  of  furnace  A  may  be  consumed  by  B,  When 
the  smoke  ceases  to  sublime,  the  furnace  can,  in  a  few  se- 
conds, be  made  to  act  as  described  above,  by  which  there 
is  a  great  saving  of  fuel. 

We  now  proceed  to  describe  Mr.  Losh's  mode  of  con- 
structing his  smoke-consuming  furnaces,  under  circularly- 
formed  vessels;  the  drawings  represent  a  sugar  pan,  but 
of  course  the  arrangement  under  a  round  6offer  would  be 
the  same. 

Fig.  1,  is  a  plan,  or  horizontal  section,  of  the  pan  and 
brick-work,  at  the  level  of  the  bottom  of  the  flues;  ab 
shew  the  openings  from  the  grate  rooms  into  the  flues  t  tt  t, 
which  convey  the  hot  air,  smoke,  &c.  to  the  base  of  the 
chimney  77,  on  each  side  of  the  division  wall  n,  which  also 
separates  the  two  furnaces,  and  extends  from  the  ash-pit 
diametrically  across  the  pan,  the  bottom  surface  of  which 
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lies  upon  it,  with  a  bearing  of  fonr  inches  and  a  half  wide. 
This  wall  rises  three  feet  up  the  chimney,  to  keep  the 
smoke,  &c.  of  the  two  furnaces  separated,  till  they  have 
taken  their  perpendicular  direction,  and  can  no  longer  ■■• 
terrupt  each  other ;  o  0  is  a  circular  wall,  which  surroondi 
the  flue. 

Fig.  3  exhibits  a  vertical  section  of  the  plan  and  fnmt* 
ces;  a  a  a  shew  the  pan;  c  the  grates  and  bearing  ban; 
t  i,  the  side  flues;  II,  the  grate  room;  o,  the  circular  wall; 
n  n,  the  division  wall,  shewn  as  extending  to  the  back  of 
the  pan,  and  up  the  chimney. 

Fig.  3  represents  a  vertical  section  of  the  pan,  and  vae 
of  the  two  furnaces  under  it;  frare  the  grate  bars;  d d,  the 
flooring-plates ;  1 1,  the  entrance  into  the  side  flues ;  j,  ter- 
mination of  the  side  flue  in  the  chimney;  m,  a  sliding  dant- 
per,  to  regulate  the  admission  of  air  into  the  ash-pit,  ac- 
cording to  the  quantity  required  to  keep  up  a' due  com- 
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bustion  of  the  fuel  in  the  furnaces;  o  is  the  wall  of  the 
flue;  p,  a  damper  in  the  chimney;  the  arrows  shew  the 
direction  of  the  hot  air  in  the  flues. 

If  it  be  required  to  bum  the  smoke,  let  there  be  dampers 
at  X  and  y^  (fig.  1),  and  a  perforation  of  the  wall  at  z,  (fig.  S 
and  8,)  suppose  both  the  fires,  at  a  and  6  (fig,  ],)  to  be 
burned  clear,  and  that  b  requires  a  fresh  supply  of  coals, 
shut  the  damper  x  and  open  y ;  then  the  smoke  which  sub- 
limes from  b  will  be  forced  over  a,  and  be  burned  in  its 
passage.  By  reversing  the  action  of  the  damper,  the  smoke 
from  a  may  be  consumed  by  the  furnace  b. 

In  adding  fresh  fuel,  it  is  desirable  to  throw  in  but  small 
quantities  at  a  time,  to  keep  the  bars  well  covered,  but  in 
a  thin  stratum,  and  to  allow  the  fire  of  the  furnace  last  sup- 
plied to  burn  bright,  before  fresh  fuel  is  added  to  tbeother;  so 
that  when  one  fire  is  at  its  highest  degree  of  heat,  the  other 
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is  at  its  lowest,  in  order  that  the  boiler  may  be  kept  con* 
tinually  at  nearly  an  equal  temperature. 

The  specification  embraces  a  description  of  a  furnace  to 
a  locomotive  engine,  in  which  the  heated  gases  alone  are 
allowed  to  operate  upon  the  boiler/without  any  admixture 
of  cold  atmospheric  air ;  also  the  adaptation  of  the  princi- 
ple to  alum  pans,  bleacher's  and  printer's  boilers,  baker's 
ovens,  &c.,  all  of  which,  the  practical  man,  who  has  occa« 
sion  for  such  apparatus,  will  do  well  to  consult. 

In  the  year  1818,  Mr.  W.  Johnson,  a  Brewer,  at  Salford, 
near  Manchester,  was  induced  to  make  some  experiments 
in  the  burning  of  smoke,  and  finally  took  out  a  patent  for 
his  plan,  which  we  will  endeavour  to  explain,  without  the 
aid  of  a  drawing.  The  fire-place  was  on  tbe  plan  of  Mr. 
Moult's  and  Mr.  Losh's,  so  far  as  to  have  a  plate  io  front 
of  the  bars,  whereon  the  coals  were  first  deposited,  and  be- 
came more  or  less  ignited,  prior  to  their  beiog  pushed  over 
the  grating  for  their  entire  combustion.  The  air  necessary 
to  produce  ignition  of  the  carbonaceous  vapour  was  intro- 
duced in  the  manner  of  Mr.  Sheffield's,  described  at  page 
769,  with  this  difference  only,  that  Mr.  Johnson  allowed 
his  current  of  air  to  impinge  vertically  by  a  passage  made 
in  the  after-bridge  against  the  bottom  of  the  boiler,  bat  he 
afterwards  altered  this,  and  gave  the  current  a  horizontal 
direction,  exactly  like  Mr.  Sheffield's:. 

Although  Mr.  Sheffield's  and  Mr.  Johnson's  invention 
possessed  scarcely  any  originality  worthy  of  notice,  they 
were  so  nearly  alike  as  to  produce  some  sharp  animadver- 
sions upon  the  latter  gentleman,  who  was  accused  of  piracy 
in  some  of  the  periodical  publications,  but  the  writers  only 
exhibited  their  contracted  knowledge  of  the  subject  in 
question.  The  consumption  of  smoke  was  then  an  object 
ardently  sought  after,  in  consequence  of  the  notices  made 
in  Parliament,  and  in  the  Courts  of  Law,  of  the  existing 
nuisances,  arising  from  furnace  chimneys.  Numerous  com- 
petitors, with  "  original  and  ingenious"  devices,  thrusted 
themselves  before  the  public  with  their  panaceas  against 
the  growing  evil,  all  of  them  representing  their  appara- 
tuses as  the  acme  of  perfection ;  and  we  believe  it  is  true 
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that  they  did  partially  succeed  in  producing  the  desired 
effect,  when  the  fires  were  managed  by  the  skill  and  atten- 
tion of  the  inventors  themselves.  It  was  evident  that  any 
plan  that  might  be  found  super-eminently  successful,  would 
be  productive  of  great  emolument  to  the  inventor.  Ac- 
cordingly we  find  numerous  persons  explaining  and  com- 
mending their  plans  to  the  committee  appointed  by  the 
House  of  Commons;  among  these,  were  Messrs.  Sheffield, 
Gregson,  Losh,  Moult  and  Johnson,  whose  plans  we  have 
already  described  ;  and  we  purpose  adding  those  of  Messrs. 
Steel,  Brunton,  Parker,  Wakefield,  Walker  and  Coombs. 
The  inventions  of  Messrs.  Losh,  Steel  and  Brunton,  it  will 
be  seen,  possess  the  most  originality,  while  all  the  others 
are  but  slight  modifications  of  the  previous  inventions  of 
Watt,  Thomson  and  Robertson,  whose  patents  were  ex« 
pired  before  these  gentlemen  came  into  the  field.  Not- 
withstanding this  latter  circumstance,  they  are  not  with- 
out merit,  and  the  variously  modified  arrangements  of  fur- 
naces in  connexion  with  boilers  which  they  exhibit,  are 
calculated,  we  thinks  to  afford  many  useful  hints. 

Furnace  far  the  constanption  of  its  Smoke^  by  John  Steely 

of  Dartford. 

This  apparatus,  which  was  denominated  a  mechanical 
smoke-burtier^  by  the  inventor,  is  shewn  as  adapted  to  the 
ordinary  tubular  high-pressure  boiler,  and  is  contrived  so 
as  to  supply  itself  uniformly  with  fuel.  We  extract  the 
description,  from  the  report  of  the  Committee  of  the  House 
of  Commons,  to  whom  Mr.  Steel  gave  his  evidence  on  the 
subject. 

The  fire  grate  (of  any  suitable  dimensions)  is  of  a  cir- 
cular form,  surrounding  the  centre  piece  P,  moving  on  an 
upright  axis,  the  toe  of  which  turns  in  a  centre  C,  and  fhe 
upper  end  is  supported  by  a  cross-bar  at  L,  which  is  made 
fast  in  the  brick- work.  E,  is  a  fluted  roller,  for  the  purpose 
of  supplying  the  fire  with  coal,  from  a  hopper  F,  whieh 
should  be  furnished  with  a  grating  at  top,  so  as  only  to 
admit  pieces  of  coals  of  a  limited  size.   G  G,  is  an  inclined 
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plane,  set  at  such  an  angle,  that  the  smallest  of  coals  ffiU 
slide  down.  At  D,  ia  a  common  toothed  wheel,  to  be 
worked  by  a  band,  chain,  or  any  other  convenient  node  of 
communicating  motion.  The  fire  door  and  frame  nuy  I'' 
situated  in  any  convenient  part  of  the  circular  frame,  wbicb 
will  depend,  in  a  great  measure,  upon  the  form  of  boiler 
to  which  the  apparatus  is  applied;  that  represented  at  ooo 
in  the  figure,  representing  (as  before  mentioned)  one  of  tk« 
tubular  kind.  N,  is  a  metallic  plate  for  the  ashes  to  drop 
on.  1  ],  show  the  ring  or  rim  which  surround  the  fntt 
bars,  and  22  the  arms  which  support  it  and  the  grate  ban. 
The  rim  is  somewhat  deeper  than  the  bars,  and  turns  roona 
n  an  iron  trough.      3  S,  filled  with  sand  or  asbn,  ><> 
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prevent  the  air  from  passing  between  the  rim  and  the 
brickwork. 

Now,  suppose  a  fire  to  be  lighted  in  the  grate,  and  (he 
grate  and  roller  E,  be  put  in  motion,  it  is  plain  that  such 
coals  as  lodge  in  the  notches  of  the  roller,  will,  as  the  rol- 
ler turns  round,  be  dropped  on  the  inclined  plane,  and 
from  thence  scattered  on  a  portion  of  the  fire,  as  at  R; 
and  as  the  grate  is  moving  round  at  the  same  time,  ano- 
ther part  of  the  fire  is  continually  presented  to  each  fresh 
supply  of  coals.  The  grate  is  made  to  turn  round  in  such 
a  direction,  that  the  coals  are  immediately  afterwards 
presented  to  the  fire-door,  which  is  therefore  placed  con- 
tiguous to  it.  At  this  part,  the  combustion  is  most  vivid, 
from  the  ingress  of  air,  and  the  fuel  being  scattered 
thereon,  broken  into  small  pieces,  and  the  smoke  having 
to  pass  over  the  whole  surface  of  the  fire,  the  combustible 
matter  in  it  becomes  consumed. 

In  using  this  furnace  to  boilers  where  there  is  no  steam 
engine,  any  other  mechanical  power  may  of  course  be  em- 
ployed, or  it  may  be  turned  by  band.  Whenever  the  ap- 
paratus may  be  out  of  repair,  it  is  only  necessary  to  stop 
the  wheel-work,  which  communicates  the  motion  to  the 
grate,  which  may  remain  stationary,  and  be  supplied  in 
the  common  way  by  a  shovel,  at  the  fire-door,  until  the 
disordered  parts  are  put  in  repair. 

The  reader  will  observe  a  great  similarity  between  this 
invention  and  that  of  Mr.  Brunton,  described  farther  on ; 
we  do  not  know  to  whom  the  precedence  belongs,  as  they 
were  made  known  to  the  world  nearly  at  the  same  period 
cf  time  (1819—20). 

Mr.  W.  Brunton,  of  Birmingham,  being  examined  be- 
fore the  committee,  described,  as  introductory  to  his  owi» 
invention,  the  ^^  wuaV^  construction  of  furnaces  for  burn>* 
ing  of  the  smoke ;  which  evidences  the  fact,  that  at  that 
period  of  time,  the  fire-places  in  use  were  generally  of  the 
kind  introduced  by  Mr.  Moult  and  Mr.  Losh,  upon  which 
we  made  some  remarks  in  commendation,  at  page  19. 
Notwithstanding  Mr.  Brunton  had  a  diriifiLjQterest  in 
pointing  out  the  defects  of  previous  in^ 

S4. 
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marks  he  makes  upon  them  are  well  deserving  of  atten* 
tion;  accordingly,  we  shall  here  insert  the  substance  of  Us 
evidence  to  the  committee. 

Mr.  Brunton  stated  that  furnaces  for  consuming  smo^ 
as  they  were  usually  constructed,  consisted  of  two  distinct 
parts;  first,  the  grate  upon  which  the  coal  was  consumed; 
secondly,  the  feeding  mouth,  into  which  the  coal  was  put, 
preparatory  to  its  being  pushed  forward  upon  the  grate, 
at  the  end  of  the  feeding  mouth  ;  opposite  to  that  which 
joined  the  grate  was  fitted  a  door,  in  which  were  holes 
with  covers,  for  regulating  their  apertures,  by  which  at- 
mospheric air  was  admitted  at  pleasure.  The  process  was 
thus :  whilst  the  coal  already  upon  the  grate  was  in  high 
combustion,  and  had  ceased  to  smoke,  the  coal  in  the 
feeding-mouth,  being  exposed  to  the  heat  of  the  fire,  un- 
derwent a  degree  of  coking,  and  the  smoke  was  thereby 
evolved,  which,  combined  with  a  portion  of  air  admitted 
at  the  openings  in  the  door,  passing  into  the  chimney  over 
the  hot  fire,  was  consumed.  When  the  fire  was  to  be  re- 
newed, the  coal  thus  acted  upon  was  forced  forward  upon 
the  grate,  still  carefully  preserving  a  strong  fire  of  well- 
burnt  coal  on  the  farther  end  of  the  grate,  in  order  to 
consume  the  smoke,  which  would  now  be  given  out  by  the 
coal  thus  brought  into  active  combustion ;  at  this  period 
a  much  greater  portion  of  air  must  be  admitted,  than 
would  be  needful  when  the  coal  last  forced  forward  had 
attained  its  full  heat. 

The  following  were  the  principal  objections  to  the  ge- 
neral adoption  of  this  species  of  furnace:— ^' First,  the 
process  of  cokiiig,  or  preparing  the  coal  in  the  feeding 
mouth,  was  very  imperfect,  and  but  a  small  part  of  the 
coal  necessary  to  feed  the  fire  was  affected  by  it,  so  as  to 
give  out  less  smoke  when  forced  upon  the  grate;  secondly, 
though  the  judicious  admission  of  air  to  enable  the  smoke 
to  ignite  was  found  advantageous,  yet  a  small  excess  ad- 
mitted was  found  to  have  a  very  injurious  effect  in  cool- 
ing the  boiler;  and  as  the  quantity  of  air  required  for  the 
combustioi^^Lthe  smoke  must  .vary  every  moment  of  the 
intei^al«h^^Bi  *he  times  of  renewing  the  fire  (perbap 
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fifteen  or  twenty  minutes),  nothing  short  of  the  greatest 
care  and  unremitting  attention  to  the  admission  of  the  air 
could  accomplish  the  object  with  economy.     This  care  on 
the  part  of  the  workmen  could  very  rarely  be  obtained ; 
and  proprietors  of  steam  engines  have  found  that,  for 
want  of  this,  the  burning  of  smoke  has  been  too  expensive 
for  them  to  persevere  in.     The  witness  having  turned  his 
attention  for  some  years  to  this  subject,  had  discovered  a 
method  by  which  the  smoke  might  be  consumed  economi- 
cally, and  its  practicability  was  less  objectionable  than  the 
methods  usually  adopted ;  first,  by  putting  the  coal  upon 
the  grate  by  small  quantities,  and  at  very  short  intervals, 
say  every  two  or  three  seconds ;  secondly,  by  so  disposing 
of  the  coal  upon  the  grate,  that  the  qmoke  evolved  must 
pass  over  that  part  of  the  grate  upon  which  the  coal  was 
in  full  combustion,  and  was  thereby  consumed ;  thirdly, 
as  the  introduction  of  the  coal  was  uniform  in  short  spaces 
of  time,  the  introduction  of  the  air  was  also  uniform,  and 
required  no  attention  from  the  fireman.     As  it  respected 
economy  : — first,  the  coal  was  put  upon  the  fire  by  an  ap- 
paratus driven  by  the  engine,  and  so  contrived,  that  the 
quantity  of  coal  was  proportioned  to  the  quantity  of  work 
the  engine  was  performing,  and  the  quantity  of  air  ad- 
mitted to  consume  the  smoke  was  regulated  in  the  same 
manner;'  secondly,  the  fire-door  was  never  opened  except 
to  clean  the  fire;  the  boiler  of  course  was  not  exposed  to 
that  continual  irregularity  of  temperature  which  was  un- 
avoidable in  the  common  furnace,  and  which  was  found 
exceedingly  injurious  to  boilers ;  thirdly,  the  only  atten- 
tion required,  was  to  fill  the  coal  receiver  every  two  or 
three  hours,  and  clean  the  fire  when  necessary;  fourthly, 
the  coal  was  more  completely  consumed  than  by  the  com- 
mon furnace,  as  all  the  effect  of  what  was  termed  stirring 
up  the  fire  (by  which  no  inconsiderable  quantity  of  coal 
was  passed  into  the  ash-pit,)  was  attained  without  moving 
the  coal  upon  the  grate.     In  a  twenty-horse  engine,  the 
increased  expense  of  the  erection  of  his  apparatus  was 
from  £75  to  £100. 

The  apparatus  alluded  to  by  Mr.  BriMBi  was  in  the 
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course  of  being  patented  to  him  about  the  same  period  of 
time*  The  specification,  which  was  enrolled  in  December, 
1819,  describes  the  furnace  to  be  of  a  circular  form^  and 
"^evolving  in  a  horizontal  plane,  on  a  vertical  axis  in  the 
centre  of  the  ash-pit,  under  the  boiler,  by  which  means 
the  heat  is  distributed  uniformly  oyer  its  bottom,  and  the 
fuel  is  supplied  to  the  grate  in  regular  quantities  from 
a  hopper  placed  above.     Motion  is  given  to  the  grate  bj 
means  of  a  horizontal  shaft  and  bevel  gear  underneath, 
and  the  speed  at  which  it  moves  is  at  the  rate  of  about 
one  revolution  per  minute,  for  a  boiler  five  feet  in  dia- 
meter.    Every  time  the  grate  arrives  at  a  certain  point, 
the  channel  from  the  coal  hopper  is  opened,  and  a  suffi- 
cient quantity  of  fuel  supplied.     To  prevent  the  air  from 
passing  at  the  edges  or  periphery  of  the  revolving  grate^ 
a  descending  rim  proceeds  from  it,  which  enters  into  a  cjr« 
cular  trough  which  is  filled  with  sand  or  water,  conse- 
quently all  the  air  entering  the  ash-pit  must  pass  through 
the  bars ;  as  the  grate  revolves,  a  scraper  is  carried  round, 
which  gathers  up  the  ashes  as  they  fall  into  the  ash-pit 
below. 

In  the  following  year,  1820,  Mr.  Brunton  took  oat  a 
second  patent  for  improvements  in  the  arrangements  of  the 
last-mentioned  apparatus.  These  improvements  chiety 
consisted  in  a  means  of  raising  or  lowering  the  furnace  at 
pleasure,  so  as  to  diminish  the  heat  to  the  boiler  suddenly; 
also,  in  a  new  mode  of  feeding  the  fire. 

^^  The  shaft  of  the  circular  fire-grate,  or  the  axle  upon 
which  it  revolves,  is  to  pass  through  a  hole  as  a  guide,  in 
a  bearer  of  iron  built  in  the  brick-work,  and  receives  its 
support  at  bottom,  upon  another  bearer  of  iron,  which  is 
to  be  capable  of  sliding  up  or  down  in  grooves,  so  as  to 
elevate  or  depress  the  fire.  To  this  last-mentioned  bearer 
is  to  be  attached  a  rack  and  pinion,  or  a  lever,  by  means 
of  which  the  grate  may  be  raised  and  lowered  at  pleasa|e. 
Upon  the  upper  end  of  the  shaft,  above  the  upper  sup- 
porting bar,  are,  extended  two  or  more  arms,  carrying  a 
strong  ring  ofcast-iron,  intended  to  receive  the  iron  bars, 
which  are  mj^e  placed  pa  :alle\  to  each  other,  for  the 


P 


BRVNTON^S  BOILER  FURNACE.  *789 


tV 


grating  of  tlie  fire;  and  round  the  periphery  of  the  cir- 
cular grate  is  to  be  a  double  rim  of  sheet-iron,  rising 
three  or  four  inches  up,  and  forming  a  groove  to  be  filled 
"'^-  with  sand;  so  that  when  the  grate  is  raised)  another  ring 

^  ^  of  iron,  attached  to  the  wall  of  the  furnace  (built  with 

fire-brick)  may  fit  into  this  groove,  and  form  a  sand  valve 
for  the  use  of  excluding  the  atmospheric  air  from  passing 
up  the  sides  of  the  grate.  Two  or  more  passages  are 
made  through  the  brick-work,  for  the  purpose  of  admit- 
ting a  current  of  air  to  the  top  of  the  fire,  in  order  to 
assist  in  igniting  the  smoke,  if  necessary.  These  passages 
are  to  be  opened  or  shut  at  pleasure. 

^^  The  fire-feeder  is  shaped  as  a  hopper,  placed  over  the 
feeding  hole,  and  the  delivery  aperture  at  bottom  is  capa- 
ble of  contraction,  as  may  be  required.  Below  this  is  a 
plate  of  iron,  placed  in  an  inclined  position,  and  suspended 
upon  pivots,  for  the  purpose  of  being  agitated,  in  order  to 
distribute  the  fuel,  and  supply  the  fire  equally.  'There  is 
also  a  shovel  upon  rollers,  passing  from  a  coal-box  to  the 
feeding  hole,  which  is  moved  by  means  of  a  rod  or  chain 
communicating  with  the  engine."* 

In  a  subsequent  sitting  of  the  committee  of  the  House 
of  Commons  to  that  which  we  have  referred,  Mr.  Brunton 
stated  that  he  had  applied  the  improvements  in  his  appa- 
ratus to  several  concerns  with  eminent  success,  and  that 
they  had  uniformly  effected  a  saving  of  coal,  which,  on  an 
average,  was  more  than  SO  per  cent. ;  and  there  was  much 
less  scoriae  or  clinker  formed  from  the  same  quantity  of 
coal  than  in  the  ordinary 'fire,  and  that  was  formed  in  thin 
laminae  upon  the  grate;  and,  in  general,  while  three 
bushels  of  coals  per  hour  were  consuming  upon  the  grate, 
the  bars  were  seldom  so  hot  as  to  discolour  writing-paper 
when  pressed  against  them.  By  the  very  equal  distrib«- 
tion  of  the  coal  upon  the  surface  of  the  grate,  a  thin  fire 
and  a  sharp  draught  was  maintained ;  and  this  was  effected 
by  the  coal  being  introduced  in  small  quantities,  falling 
upon  the  whole  of  the  area  of  the  fire  in  regular  sncces- 
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fiion.     Secondly,  the  coal  was  introduced  upon  the  fire 
without  opening  the  fire-door,  and  this  was  effected   by 
dropping  the  coal  through  the  roof  of  the  supplementary 
boiler.    Thirdly,  the  decomposition  of  the  coal  was  much 
more  perfect  than  by  the  common  furnace,  and  this  was 
effected  by  the  revolving  of  the  grate,  which  exposed 
each  side  of  every  piece  of  coal  in  the  grate  to  the  current 
of  the  fire  passing  constantly  in  one  direction  across  it. 
Fourthly,  the  introduction  of  the  coal  was  completely 
governed  by  the  steam  generated,  analogous  to  a  water- 
wheel,  governing  by  its  velocity  the  quantity  of  the  water 
permitted  to  fall  upon  it ;  thus,  considering  the  produo 
tion  of  the  effect,  and  the  introduction  of  coal  as  the 
cause,  the  fprmer  had  a  perfect  check  over  the  latter,  and 
at  no  time  admitted  more  coal  into  combustion  than  was 
really  necessary  for  the  performance  of  the  work  which 
the  engine  was  then  doing.     Fifthly,  the  whole  apparatus 
being  a  very  simple  mechanical  arrangement,  acted  inde« 
pendently  either  of  the  skill  or  the  carelessness  of  the 
fireman.     Small  coal,  of  greatly  inferior  cost  to  the  coal 
generally  used,  answers  well  with  a  furnace  of  this  kind, 
and  thereby  effects  an  important  saving.   A  thin  fire,  with 
a  sharp  draught,  produces  the  maximum  effect,  because 
the  greater  the  quantity  of  oxygen  brought  into  contact 
with  the  coal  in  combustion,  the  greater  heat  is  obtained. 

Sfnoke-consuming  Furnace^  by  John  Walker^  Jun.  of  KeU' 

nington  Cross. 

The  abovementioned  individual  was  one  of  the  wit- 
nesses examined  by  the  select  committee  of  the  House  of 
Commons,  in  1819.  He  stated  that,  by  his  plan  of  heating 
the  boiler  of  steam  engines,  a  saving  in  the  consumption 
of  fuel  to  the  extent  of  75  per  cent,  was  effected,  result- 
ing, in  a  great  measure,  as  he  explained,  by  employing 
coke  as  the  fuel,  and  the  preparation  of  that  coke  in  an 
adjoining  chamber  or  oven,  the  gases  emanating  from  the 
coal  being  ignited  by  passing  through  the  burning  coke 
on  the  grate  Bikeath  the  boiler,  whence  the  heated  air 
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and  products  of  combustion  took  two  turns  round  the 
boiler,  before  entering  the  chimney.  Mr.  Walker  pre- 
sented to  the  committee  some  drawings  of  his  mode  of 
constructing  such  furnaces,  from  which  we  have  made  the 
annexed  copies. 

(FIG.  1.)  (FIC.S.) 


It  does  not  appear,  from  the  published  report  of  the 
committee,  that  any  ex|)lanBtions  of  the  foregoing  6gures 
accompanied  them,  but  we  think  the  arrangement  deline- 
ated will  be  clearly  understood  without  them.  Fig.  ],  Is 
evidently  a  longitudinal  and  vertical  section  of  the  boiler, 
furnace,  and  chimney;  fig.  2,  reptesents  a  transverse  sec- 


lkbu's  coke  ote». 
(FIG.  3.) 


tion  of  the  boiler  and  furnace;  and  fig.  3,  a  plan,  or  bori* 
zontal  section,  above  the  level  of  the  grating  for  the 
boiler,  including  a  section  of  the  coke  oven. 

With  regard  to  the  expense  of  this  kind  of  furnace,  the 
inventor,  who  is  a  bricklayer,  and  therefore  a  competent 
judge,  said,  that  in  a  new  erection  there  would  not  be  any 
additional  expense  above  the  common ;  and  he  would 
guarantee  that  there  should  be  no  expense  incurred  by 
the  proprietor  for  three  years  after  the  building.  The 
expense  of  altering  furnaces  to  this  plan  would  not  be 
considerable;  the  amount  would  depend  on  the  circum- 
stances of  the  case.  The  expense  of  repairs,  he  observed, 
would  be  leas  upon  bis  new  plan  than  on  the  ordinarj 
plans:  the  repairs  would  chiefly  consist  of  new  6re-bricks, 
when  the  furnace  would  last  the  same  term  over  again. 

Furnace  for  the  Consumption  of  its  own  Smoke,  by  Benja- 
min Merriman  Coombs,  ofG6,  High  Holbom. 

Two  plans  were  submitted  by  Mr.  Coombs  to  the  com- 
mittee of  the  House  of  Commons,  which  are  printed  in 
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tbeir  report.  The  first-described  plan  is  accompanied 
with  SIX  elaborate  engravings,  which,  as  we  cannot  trans- 
fer them  to  this  place,  we  shall  endeavour  to  give  only  a 
concise  verbal  description  of. 

The  coals  are  put  into  a  large  hopper,  above  the  fur- 
nace, and  pass  from  thence  between  three  iron  cylinders, 
(the  revolution  of  which  reduces  such  coals  as  are  too 
large  to  pass)  down  an  inclined  plane,  falling  upon  a  cir- 
cular iron  plate,  placed  near  to  the^ bottom  of  a  cylindrical 
well  or  .hole,  which  is  directly  underneath  the  boiler. 
This  plate  is  made  to  slide  up  and  down  in  the  well,  by 
the  action  of  a  toothed  rack  and  pinion,  affording  the 
means  of  readily  damping  the  fire,  by  depressing  the  bed 
of  coals,  which,  together  with  the  opening  of  the  furnace- 
door,  lowers  the  temperature  immediately.  The  first 
heat  of  the  fuel  is  directed  upon  a  mass  of  iron,  which 
becoming  red-hot,  consumes  the  smoke  passing  over  it: 
there  are  also  ^^  Welch  lumps''  to  receive  the  direct  action 
of  the  fire,  and  ignite  the  smoke  passing  by  them.  The 
furnace  being  supplied  with  uniform  quantities  of  fuel  in 
a  divided  state,  by  means  of  the  hopper  and  crushing- 
rollers,  what  falls  upon  the  red-hot  fuel  is  quickly  in- 
flamed, so  as  to  produce  but  little  smoke;  and  the  fire  is 
stoked,  without  opening  the  door,  by  means  of  a  raker 
passing  through  a  small  hole,  the  furnace-man  having  the 
means  of  inspecting  the  progress  of  the  fire  through  some 
small  squares  of  talc,  or  Muscovy  glass.  Having  ex- 
plained the  principal  arrangements  of  this  apparatus,  we 
pass  over  the  details,  and  proceed  to  the  description  of  the 
other  plan  mentioned,  which  is  represented  in  the  sub- 
joined cuts. 

Fig.  1,  exhibits  a  vertical  section  oP  «i  boiler  and  fur- 
nace : — a  is  the  fuel  hopper,  to  convey  the  coals  into  the 
front,  or  side  of  the  fire. '  b  b  three  iron  rollers,  to  reduce 
the  coals  to  a  small  size,  and  supply  the  fire  with  a  uni- 
form quantity,  as  the  consumption  requires,  c  is  the  front 
grating,  and  only  aperture  for  air;  the  coals  being  always 
above  the  front  bars,  the  air  must  pass  through  the  fire 
and  become  heated,    d  d  a  massive  lump  of  iron,  with  a 
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(FIG.  I.) 

"return  end,''  to  receive  the  first  heat;  and  m,  an  aper- 
ture through  the  same,  for  flame  to  pass,  (o  assist  and 
ignite  the  smoke  that  may  pass  through  the  internal  flue  e. 
f  is  the  bottom  of  the  boiler,  and  g  the  top.  The  back 
flue,  which  leads  through  the  boiler,  is  cast  of  great  thick- 
ness, as  shown  by  the  piece  <,  and  that  on  the  opposite  side 
of  the  flue,  the  latter  running  tbrough  it;  it  the  man-hole, 
for  cleansing  the  internal  flue;  p  is  a  damper;  t  a  door  to 
the  ash-pit,  made  air-tight. 

Fig.  3,  is  an  end  view  of  the  boiler,  the  letters  of  refe- 
rence thereon  denoting  the  parts  exhibited  in  the  other 
figure. 
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Patent  Boiler  Fumace$y  by  John  Wakefield^  of  Manchester* 

1820, 

This  plan  consists,  as  stated  in  the  specification,  in  pla*' 
cing  checks  or  stops  in  the  flues  of  furnaces,  for  the  pur- 
pose of  impeding^  the  progress  of  the  flame  and  heated 
▼apour,  in  order  that  time  may  be  allowed  to  impart  its 
heat  to  the  boiler.  The  patentee  observes,  that,  before 
the  date  of  this  patent,  he  was  in  the  practice  of  introdu- 
cing  checks  behind  the  breast  of  the  furnace,  at  right 
angles  to  the  sides  of  the  bed,  or  bottom  part  of  the  flue. 
His  present  invention  is  stated  to  consist  in  making  those 
checks  which  are  placed  in  the  farthest  part  of  the  flue  to 
stand  obliquely,  inclining  towards  the  front,  by  which  the 
egress  from  the  flue  may  be  impeded.  The  checks  consist 
of  partitions  of  brick-work,  extending  from  the  sides  of 
the  flues  to  rather  more  than  half-way  across;  their  in- 
clined positions  causing  the  first  pair  to  conduct  the  second 
pair,  and  to  retain  the  heated  vapour  under  the  boiler,  in 
a  manner  better  calculated  to  produce  the  desired  efl*ect 
of  heating  the  vessel,  than  if  they  were  placed  at  right 
angles.  The  number  of  these  checks  so  disposed,  may  be 
four  or  six,  according  to  the  length  of  the  boiler.  In  the 
front  of  the  breast,  there  is  a  curb  or  projection  towards 
the  fire,  intended  to  impede  the  progress  of  the  uncon- 
sumed  smoke,  which  would  otherwise  pass  off  quickly 
with  the  heated  vapour  into  the  flue,  and  being  deprived 
of  Its  oxygen,  would  escape  unconsumed.  But  by  means 
of  this  curb,  the  smoke  is  arrested  in  its  progress,  and  at 
the  same  time  is  met  by  a  current  of  fresh  air,  supplied 
through  blowers  leading  from  the  ash-pit  to  that  part  of 
the  furnace,  by  which  means  it  is  forced  back  down  upon 
the  fire,  and  its  combustion  effected. 

Another  improvement  described  under  this  patent  con- 
sists in  placing  the  bars  of  the  fire-grate  radially,  that  is, 
much  closer  together  in  the  front  than  at  the  hinder  part. 
The  advantage  of  this  arrangement  is,  that  the  small  coals 
are  prevented  from  falling  through  the  grating  at  the 
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time  of  feeding^,  and  get  coagulated  together  before  they 
are  pushed  towards  the  farther  part  of  the  grate.  Thiv 
disposition  of  the  bars,  however,  the  inventor  observes,  be 
had  exercised  prior  to  the  date  of  his  patent,  and  there- 
fore does  not  claim  it,  but  has  since  introduced  an  im« 
provement  upon  it,  which  forms  a  part  of  this  patent,  viz. 
instead  of  laying  all  the  bars  radially,  he  now  lays  from 
three  to  six  of  the  bars  (according  to  the  width  of  the 
grate)  parallel  to  each  other,  in  the  sides  of  the  grate^ 
placing  the  radial  portion  of  the  bars  in  the  middle  of  the 
grating.  The  reason  of  placing  these  side-bars  parallel^ 
is  for  the  purpose  of  allowing  the  teeth  of  a  rake  to  be 
passed  along  the  side  of  the  grate,  between  these  bars,  by 
means  of  which  the  coals  are  pushed  to  the  back  part  of 
the  fire  This  rake  may  run  in  and  out  upon  a  roller,  and 
rise  and  fall  by  pivots,  and,  if  required,  be  worked  by  a 
rack  and  pinion,  or  in  any  convenient  manner.* 

Patent  Smoke-tonsuming  Apparatus^  by  Josiah  ParkeSy  of 

Warwick.     1820. 

This  apparatus  differs  in  a  very  trifling  respect  from  its 
predecessors,  yet  the  patentee  having  succeeded  in  getting 
it  applied  to  the  steam  engines  of  several  large  works,  ob- 
tained likewise  the  testimony  of  the  proprietors  of  those 
establishments  before  the  committee  of  the  House  of  Com- 
mons; and  through  the  medium  of  the  latter,  and  its  pub- 
lished reports,  it  acquired  a  celebrity  to  which  (in  justice 
to  others)  it  was  but  little  entitled. 

The  boiler  is  supported  at  its  angles  only,  so  that  very 
nearly  the  whole  of  its  bottom,  and  the  lower  portion  of 
its  sides,  may  be  exposed  uninterruptedly  to  the  immediate 
influence  of  the  fire.  A  large  supply  of  coals  is  deposited 
in  a  space  of  twenty  or  thirty  inches,  left  between  the 
furnace  dodr  and  the  bars  of  the  grating,  for  the  purpose 
of  being  pushed  forward  upon  the  latter,  by  a  long-han- 
dled instrument,  without  opening  the  door  for  replenish- 
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ing  the  fire,  which  cools  the  boiler,  and  causes  the  emis- 
sion of  much  dense  smoke  at  the  chimney.  The  ash-pit  is 
uninclosed;  at  the  back,  a  channel  is  cut  through  the 
brick-work,  for  the  admission  of  a  current  of  cold  atmo- 
spheric air  to  the  throat  of  the  chimney,  or  that  part  of  the 
flue  through  which  all  the  smoke  must  pass,  in  its  exit 
from  the  furnace;  and  this  current  is  so  directed  as  to 
drive  back  the  vapour  into  the  furnace,  which  inflames 
the  combustible  matter  of  the  smoke*  The  lower  end  of 
the  air  channel^  in  the  ash-pit,  is  provided  with  a  flap- 
valve,  which  being  operated  upon  by  the  handle  of  a  long 
rod,  extending  to  the  outside  of  the  front  of  the  furnace, 
the  aperture  into  the  channel  is  enlarged  or  diminished, 
and  consequently  the  supply  of  air  may  be  regulated  ac- 
cording to  circumstances.  The  saving  in  fuel  effected  by 
this  method  of  working  a  fire,  is  stated  to  be  from  25  to  35 
per  cent. 

Sfnoke-consuming  Apparatus^  by  Matthew  Murray^  Leeds. 

1821. 

Most  of  our  readers  must  have  observed  that  the  very 
lense  black  smoke  which  issues  from  the  chimneys  of 
steam  engines  is  not  constant;  that  it  commences  at  the 
time  of  putting  on  fresh  fuel,  and  continues  for  a  few  mi- 
nutes afterwards.  At  this  time,  owing  to  the  increased 
combustion,  the  air  finds  its  way  through  the  fuel  with 
less  opposition,  and  the  evolution  of  dense  black  smoke 
ceases  until  the  next  charge  of  coals.  To  supply  the  re- 
quisite quantity  of  air  to  burn  this  black  smoke,  the 
late  Mr.  Murray  devised  a  very  ingenious  machine.  It  is 
described  in  a  letter,  addressed  to  the  editor  of  the  Lon- 
don Journal  of  Arts,  dated  Feb.  15,  1821,  where  he  ob- 
serves— ^^  The  most  effectual  method  yet  known  for  con- 
suming smoke,  is  by  the  admission  of  a  large  quantity  of 
air  to  the  hottest  part  of  the  fire,  at  the  time  the  smoke  is 
bursting  from  the  recent  charging  of  coal.  The  necessary 
quantity  of  air  to  be  admitted  ought  not  to  be  less  than 
may  pass  through  an  aperture  of  f<mr  square  inches  for 
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Mch  horse  power  that  the  boiler  or  fire  is  equal  to.  This 
will  consume  the  smoke  in  from  three  to  five  minutes, 
according  to  the  quantity  and  quality  of  coal  put  on  at 
each  time.  The  times  of  charging  being  not  more  than 
five  times  in  an  hour,  nor  less  than  three.  The  air^s 
rushing  into  the  flue,  is  the  moving  power  for  giving  mo- 
tion to  my  new  regulating  machine,  which  continues  in 
motion  during  the  consumption  of  smoke,  but  no  longer. 

^^  By  this  method  there  is  no  unnecessary  loss  of  heat, 
as,  when  the  aperture  is  left  open,  or  the  shutting  it  off 
is  entrusted  to  the  uncertainty  of  neglect,  which  is  the  case 
if  regulated  by  hand,  and  from  whence  a  great  loss  of  fuel 
is  the  consequence.*^ 

The  opening  of  the  fire-door,  to  admit  the  fuel,  puts 
the  machine  in  a  state  for  measuring  off  the  quantity  of 
air  to  be  admitted  after  each  charging;  drawings  and  de- 
scriptions of  this  apparatus  are  given  in  the  beforemen- 
tioned  work,  vol.  ii.  but  we  will  here  endeavour  to  afford 
the  reader  an  idea  of  it,  without  drawings. 

The  machine  consists  of  a  sheet-iron  box,  containing  a 
light  fan-wheel,  from  which  proceeds  a  capacious  tube, 
communicating  with  the  fire-place,  and  containing  a  turn* 
ing  valve,  which  opens  or  closes  the  passage ;  the  mecha- 
nism through  which  these  operate  we  will  explain,  with 
its  mode  of  action. 

When  the  fire-door  is  opened  to  take  in  fresh  coa},  it 
discharges  (by  means  of  a  wire  and  slip  catch  connected 
to  the  door)  a  pall,  which  sets  at  liberty  a  suspended 
weight,  which  by  its  descent  turns  a  ratchet-wheel  one 
revolution  and  a  quarter,  which  places  the  turn-valve 
edgeways  against  the  current,  and  leaves  a  free  commu- 
nication between  the  atmosphere  and  the  upper  side  of 
the  fire.  In  this  state  of  rest  the  machine  remains,  until 
(he  fire-door  is  shut,  when  the  current  of  air  enters  the 
machine,  turning  rapidly  the  fan*wheel,  which  having  a 
pinion  on  its  axis  of  only  one  tooth,  gives  a  slow  motion 
to  a  light  spur-wheel  of  many  teeth;  this  wheel,  through 
the  medium  of  a  catch-rod  and  other  simple  mechanism, 
gradually  closes  the  turn-valve ;  the  smoke  having  bi  en 
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consumed,  the  fire  continues  burning,  until  a  fresh  supply 
of  fuel  is  necessary,  when  the  fire-door  is  opened,  and  the 
whole  operation  is  repeated. 

Patent  Apparatus  for  Consuming  Smoke^  by  W.  Pritchardy 

of  Leeds.  1821. 

The  patentee  slates,  in  his  specification,  that  he  has  ob- 
served that  the  admission  of  fresh  air  into  the  furnace  is  ne- 
cessary to  the  consumption  of  smoke ;  ^^and  that  if  the  doors, 
or  air-flues,  are  not  closed  in  proper  time,  the  cold  air  will 
cause  a  more  rapid  combustion  of  coal  than  is  necessary  or 
consistent  with  economy,  as  well  as  teiltl  considerably  to 
increase  the  wear  of  the  boiler.  From  which  circum- 
stances he  has  been  induced  to  adopt  this,  his  simple  and 
new  invention,  whereby  a  self-adjusting  or  self-regulating 
apparatus  is  produced,  which  will  cause  the  fire-doors  or 
air-flues  to  become  closed  in  any  required  space  of  time, 
without  depending  upon  the  care  of  the  man  who  attends 
to  supply  the  fire  with  fuel." 

The  apparatus  consists  of  a  small  cylinder,  placed  in 
any  convenient  part  of  the  boiler  house,  having  an  air- 
tight piston  to  rise  and  fall  within  it.  At  the  upper  end 
of  the  piston-rod  a  chain  is  attached,  which  passes  over  pul- 
lies,  and  at  its  reverse  end  is  connected  to  the  top  of  the  fire- 
door  or  air-flue  doors ;  by  means  of  which  connexion,  when 
the  fire-door  is  raised,  the  piston  descends  in  the  cylinder 
by  its  own  gravity,  and  when  the  fire-door  is  shut  down, 
the  piston  rises.  On  the  outside  of  the  cylinder  is  placed 
a  branch  pipe  or  channel,  through  which  the  air  passes 
(as  the  piston  ascends  or  descends)  from  the  upper  to  the 
lower  part  of  the  cylinder,  and  vice  versa.  In  the  mid- 
way of  this  branch  pipe  is  a  valve  or  stop-cock,  which 
may  be  so  adjusted  as  to  sufl^er  the  air  to  pass  slowly,  or 
by  a  very  small  stream,  through  the  channel ;  by  which 
means  the  ascent  of  the  piston  is  retarded,  and  hence  tho 
entire  descent,  or  closing  of  the  fire-doors,  or  air-flues, 
does  not  take  plape  until  the  air  is  nearly  all  expelled 
from  the  upper  part  of  the  cylinder,  allowing  time  for  the 
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requisite  quantity  of  atmospheric  air  to  pass  into  the  air- 
flues,  or  over  the  fire,  for  the  purpose  of  consuming  the 
smoke ;  which  time  of  closing  the  doors  is  regulated,  as 
above,  by  the  valve  or  stop-cock  in  the  branch  pipe.* 

Patent  Furnace  far  Consuming  Smoke,  by  George  Stratton, 

London.    1822. 

This  patented  contrivance  may  be  considered  as  a  modi* 
fication  of  Mr.  Watt's  plan,  described  at  page  761,  wherein 
two  fires  are  employed.  Mr.  Stratton's  specification  ex- 
hibits an  oblong  boiler,  set  in  a  furnace,  to  which  two 
fire-places  are  adapted;  one  of  them  is  in  front  of  the 
boiler,  being  supplied  by  a  funnel  from  above,  of  the 
shape  of  an  inverted  cone,  which  is  surrounded  by  water, 
and  there  is  a  common  fire-door  in  front,  to  be  used  when- 
ever necessary  to  have  access  to  the  burning  fuel.  At 
two-thirds  of  the  length  of  the  boiler  from  the*  front,  ano- 
ther fire-grate  is  fixed,  and  the  coals  are  supplied  to  this  by 
a  similar  conical  funnel  to  the  before- mentioned,  which 
passes  through  the  boiler. 

The  fire  is  to  be  first  kindled  on  the  bars  of  the  interior 
grate,  by  dropping  thereon  the  necessary  fuel  from  above, 
through  the  boiler,  the  fuel  being  continually  added  until 
not  only  the  fire-grate  is  charged,  but  the  inverted  conical 
pipe  also  entirely  filled,  forming  thereby  a  cone  or  pyra- 
mid of  coals,  extending  from  the  grating  to  the  top  of  the 
boiler,  where  an  air-tight  cover  is  put  on  the  funnel- 
feeder,  to  prevent  the  escape,  in  that  direction,  of  any  of 
the  products  of  combustion.  The  fire  in  the  front  of  the 
boiler  is  next  lighted,  and  the  coals  heaped  up  in  like 
manner,  by  entirely  filling  its  funnel  feeder,  which  is 
closed  at  its  upper  orifice  by  another  air-tight  cover.  The 
air  is  admitted  from  the  ash-pit  of  this  fire,  which  passing 
through  the  bars  and  the  burning  fuel  above,  the  current 
of  flame  and  smoke,  in  its  course  to  the  chimney,  is  carried 
through  the  more  intensely  ignited  fuel  of  the  second  fire. 
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wbere,  the  specification  states,  the  smoke  is  entirely  con« 
samed.  Instead  of  metal  caps  to  the  funnel  feeders,  Mr. 
Stratton  proposes,  in  some  cases,  to  adapt  hoppers  to  their 
superior  orifices,  furnished  with  sliding  valves. 

It  does  not  appear  that  this  patentee  thinks  it  necessary 
to  introduce  any  fresh  atmospheric  air  to  the  smoke  from 
the  first  fire,  which  will  of  course  need  a  supply  of  oxygen 
for  its  combustion. 

The  claim  made  by  Mr.  Stratton,  in  the  specification  of 
his  patent,  is  as  follows :— > 

^^My  said  apparatus  may  vary  in  its  dimensions  and  pro- 
portions, to  suit  the  situations  to  which  it  is  applied;  but 
an  apparatus  applicable  to  fires,  which  causes  the  smoke 
firom  fires  to  be  consumedy  by  preventing  its  escape  from  the 
fitel  in  any  direction,  except  throttgh  the  immediate  body  of 
the  fire,  which  generates  it,  thereby  exposing  it  to  such  an  tn- 
tense  heat  as  will  consume  it,  and  capable  of  being  added 
or  attached  externally  to  almost  any  part  of  any  shaped 
boiler,  being,  to  the  best  of  my  knowledge  and  belief,  en- 
tirely new,  and  never  before  adopted  for  that  purpose  in 
this  kingdom,  I  intend  hereby  to  maintain  an  exclusive 
right  and  privilege  to  my  said  invention.*' 

This  claim,  though  worthy  of  remark,  is  by  no  means 
singular  or  extraordinary,  for  it  only  exhibits  the  same 
want  of  information  on  mechanical  subjects,  and  the 
same  incorrect  mode  of  defining  the  thing  invented,  which 
pervade  the  greater  portion  of  the  specifications  of  pa* 
tents !  It  is  however  very  remarkable  that  the  patentee, 
who  has  been  a  furnace-maker  the  greater  part  of  a  long 
life,  should,  ^r«^,  claim  for  his  ^^said  invention"  a  totally 
different  thing  to  that  described  and  delineated  ;  the  lat- 
ter is  shewn  to  consist  of  two  fires,  in  which  the  smoke  ge- 
nerated by  the  first  is  consumed,  (or  intended  to  be  so)  by 
the  second,  while  the  claim  is  for  consuming  the  smoke  by 
the  ^^  immediate  body  of  fire  which  generates  it  /'' — second, 
that  a  man  of  his  experience  should  re-invent  and  describe 
a  very  inferior  modification  of  previous  contrivances,  to 
which  the  utmost  notoriety  had  be^n  given,  by  patenting 
and  publishing  in  periodicals  and  pamphlets  (wc  allude  in 
34.  5  k 
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particular  to  Mr.  Watrs  and  Mr.  Losh^s  inventions) — and, 
thirdly^  that  he  should,  notwithstanding  these  circum* 
stances,  exclusively  claim  for  his  invention  that  which  was, 
previously,  even  more  extensively  known  and  used  than 
that  which  he  described  ! 


Patent  ^'Fuelling  Apparatus^'^  by  John  Sttmley^  of  Man- 

Chester.    1822. 

We  have  now  to  describe  an  apparatus,  in  which  a  self- 
regulating  mode  of  supplying  furnaces  with  fuel  is  intro- 
duced ;  and  it  is  one  that  we  know  has  been  extensively 
and  successfully  reduced  to  practice.  It  forms  a  distinct 
appendage  to  the  front  of  the  furnace  of  any  ordinary 
boiler,  to  which  it  makes  a  very  neat  finish.  At  the  up- 
per part  is  a  hopper,  containing  a  supply  of  small  coals, 
sufficient  for  an  hour  or  two's  consumption.  Through  an 
aperture  at  the  lower  angular  extremity  of  this  vessel,  the 
coals  drop  between  two  grooved  rollers,  which,  revolving 
in  opposite  directions,  break  the  pieces  of  coal  which  are 
too  large  to  pass  through  without  being  crushed,  (the  dis- 
tance between  the  rollers  determining  the  dimensions  of 
the  pieces  of  coal,  which  is  regulated  at  pleasure  by  turn- 
ing a  set-sere  w« )  After  passing  between  the  rollers,  the 
coals  fall  upon  a  flat  plate  of  iron,  whence  they  are  con- 
tinually projected  by  a  revolving  fanner,  which  scatters 
them  over  the  burning  fuel  on  the  grate,  where  it  lies  in 
a  thin  bed,  in  order  that  the  air  may  have  a  more  free  pas- 
sage between  the  bars ;  against  the  bridge  of  the  furnace, 
however,  the  fuel  is  collected  in  a  deeper  mass  that  has 
ceased  to  flame,  and  the  small  quantity  of  smoke  rising 
from  the  fresh  fuel  in  passing  over  the  bridge  becomes  in 
consequence  inflamed  and  consumed.  The  motions  of 
the  crushing  rollers,  and  the  fanning  distributor,  are  of 
course  communicated  from  the  engine  through  the  medium 
of  suitable  common  gear,  placed  outside  of  the  feeding 
apparatus. 

The  patentee,  at  the  conclusion  of  his  specification,  limits 
his  claim  of  invention  in  the  following  manner  : — "  I  do 
hereby  declare,  that  my  invention  consists  in  the  employ- 
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men!  and  application  of  the  fauy  similar  to  the  one  herein- 
before described,  in  conjunction  with  the  hopper,  fluted 
roller  or  rollers,  or  with  any  other  mechanical  expedient, 
capable  of  producing  a  regular  supply  of  coals,  so  that 
the  coals  so  supplied  may  be,  by  the  fan,  as  aforesaid, 
thrown  upon  the  fire  or  furnace.** 

We  have  had  an  opportunity  of  observing  the  applica- 
tion of  this  Very  excellent  invention  to  a  large  engine  at  the 
South  Lambeth  Water-works,  to  which  two  forty-horse 
boilers  are  provided.  Previously  to  the  adoption  of  Mr. 
Stanley *s  apparatus,  it  was  found  necessary  (as  we  were 
informed)  to  use  both  these  boilers  at  one  time,  in  order 
to  obtain  sufficient  steam  to  do  the  work,  and  the  labour 
of  the  fireman  was  at  that  time  found  excessive,  in  sup- 
plying the  fuel  by  hand.  Now,  however,  the  feeding  of 
the  fire  is  performed  without  manual  intervention,  and  the 
effect  of  the  fire  thus  mechanically  supplied,  is  so  much 
greater  than  before,  that  only  one  of  the  boilers,  instead 
of  both,  is  found  fully  adequate  to  supply  the  steam.  The 
quantity  of  fuel  required  is,  besides,  so  nicely  regulated  by 
the  engine  itself,  that  the  instant  there  arises  an  excess  of 
steam  in  the  boiler,  the  feeding  apparatus  ceases  to  work, 
by  being  thrown  out  of  gear,  and  when  the  steam  falls  be- 
low the  required  pressure,  the  falling  of  the  mercury  puts 
the  machinery  into  gear  again,  and  the  feeding  with  the 
fuel  recommences.  The  large  coals  being  broken  by  the 
rollers  to  a  sufficiently  small  size,  ignition  takes  place 
almost  at  the  instant  they  are  received  into  the  furnace, 
and  very  little  smoke  being  given  off^,  there  is  but  little 
requiring  subsequent  combustion.  The  mechanism  re- 
quired to  give  efficiency  to  this  apparatus,  when  viewed 
as  a  whole, gives  it  an  elaborate  appearance;  yet  the  seve- 
ral combinations,  taken  distinctively,  are  so  simple,  and 
adapted  to  their  object,  that  the  liability  of  derangement 
and  the  cost  of  repairs  must  be  trifling ;  on  this  point  we 
were  informed  that  the  engineer  who  put  it  up,  (Mr.  T. 
Thomas,  of  Holland-street,  Blackfriars,  London,  agent  to 
the  patentee,)  offered  to  keep  it  in  repair  for  2  per  cent, 
of  the  first  cost,  per  annum. 
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Patent  Method  of  Condensing  Smoke  and  MetaUic  Va- 
pours, by  Mr.  Humphrey  Jeffrey,  of  Bristol.    1824. 

The  highly  pernicious,  and  even  deleterious  effects  pro- 
duced  upon  the  inhabitants,  the  cattle,  and  the  vegetation, 
in  the  vicinity  of  works  for  the  smelting  of  copper,  lead, 
and  other  ores,  led  the  patentee  to  devise  the  following  . 
plan  of  a  flue,  as  a  remedy  for  the  evil,  which  may  be  ap- 
plied to  any  description  of  furnace,  for  the  condensation  of 
smoke,  where  a  supply  of  water  can  be  conveniently  ob- 
tained. 

The  above  figure  gives  a  vertical  section  of  the  patent 
flue,  a  represents  a  common  flue,  proceeding  from  any 
description  of  furnace ;  the  top  of  which  being  closed,  the 
vapour  proceeds  along  the  horizontal  branch  d,  into  the 
iondensing  shaft  b ;  on  the  top  of  this  second  shaft  is  placed 
I  cistern  of  water,  the  bottom  of  which  is  perforated  with 
numerous  small  holes;  and  being  duly  supplied  with 
water,  a  constant  shower,  like  fine  rain,  is  produced,  while 
the  furnace  is  at  work.      The  showering  of  the  water 

'lies  a  strong  draught,  by  which  the  vapour  is  drawn  into 
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tlie  current,  and  immediately  condensed.  The  several  mat- 
ters thus  condensed,  (particularly  sulphur,  in  large  quanti- 
ties)j  run  off  with  the  water  through  the  passage  «,  into 
recipients  suited  to  the  nature  of  the  products  obtained  by 
the  operation.  When  only  one  common  wall  divides  the 
smoke  passage  from  the  condensing  shaft,  a  hole  through 
the  wall  of  the  same  area  as  the  chimney,  will  answer 
equally  well. 

Furnace  far  Consuming  Smoke^  by  Mr.  George  Chapman^ 

of  Whitby.  1824. 

It  being  a  well-established  condition,  that  a  portion  of 
pure  atmospheric  air  must  be  admitted,  to  unite  with  the 
smoke  after  it  is  generated  in  the  furnace,  in  order  to  sup- 
ply the  oxygen  gas,  without  which  it  will  not  inflame ;  and 
it  being  an  equally  established  fact,'  that  any  air  admitted 
into  the  body  of  the  furnace,  if  it,  does  not  go  through  the 
burning  fuel,  has  a  great  tendency  to  cool  the  boiler,  and 
retard  the  generation  of  steam:  to  obviate  this,  it  had 
been  the  general  practice,  in  the  construction  of  furnaces 
to  consume  the  smoke,  to  admit  the  air  partly  at  the  ash 
pit,  and  partly  up  through  the  fire-bridge.  By  Mr.  Cbap- 
man^s  plan,  however,  the  air  is  heated  before  it  enters  the 
furnace,  in  the  following  manner ; — 

The  grate-bars  are  cast  hollow,  from  end  to  end,  so  that 
they  form  a  series  of  parallel  tubes,  which  open  into  two 
boxes,  one  placed  in  front,  and  the  other  behind  the  grate. 
In  the  front  box,  directly  underneath  the  fire-door,  there 
is  a  register  to  open  and  shut,  to  any  extent,  at  pleasure. 
T*he  other  end  is  connected  with  the  brick-work,  directly 
under  the  fire-bridge,  which  fire-bridge  is  made  double, 
with  a  small  interval  between,  about  one  inch,  the  inter- 
val to  go  across  the  furnace  from  side  to  side,  and 
rather  to  incline  forward,  or  towards  the  fire-door,  so  as 
to  meet  and  reverberate  the  smoke  on  to  the  ignited  fuel 
in  the  grate,  which  causes  it  to  inflame  and  become  a  sheet 
of  bright  fire  under  the  bottom  of  the  boiler. 

From  the  foregoing  it  will  be  perceived,  that  if  the  front 
register  is  opeiL  or  partially  so,  there  will  be  a  great 
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draug;ht  of  air  through  it,  along  the  interior  of  the  grate* 
bars,  thence  into  the  flue  of  the  fire-bridge,  and  out  of  the 
orifice  at  top,  which  air  will  be  heated  in  its  passage 
through  the  bars,  before  it  conies  in  contact  with  the  smoke, 
when  it  will  give  out  its  oxygen,  and  cause  it  to  inflame. 

In  a  letter  to  the  Society  of  Arts,  from  whose  '^  Tran- 
sactions'' this  account  is  taken,  Mr.  Chapman  observes, 
*^  Such  was  my  view  of  this  part  of  the  subject  in  theory,  and 
I  have  found  it  to  succeed  in  practice,  in  a  small  engine  of 
my  own.  But  a  further  improvement  was  necessary,  to 
make  it  quite  perfect.  There  are  few  people  who  are 
aware  of  the  extent  of  the  mischief  arising  from  the  old 
method  of  charging  a  grate  by  the  front  door.  Now,  in 
my  engine  (which  is  only  two-horse  power,)  I  calculated 
that  every  time  the  fire-door  was  opened,  to  stir  the  fire, 
and  replenish  the  fuel,  there  could  not  be  less  than  from 
45  to  50  cubic  feet  of  cold  atmospherical  air  admitted  into 
the  furnace,  which  so  cooled  the  heated  gases,  &c.  that, 
however  complete  the  plan  was  in  other  respects,  the 
smoke  could  not  possibly  inflame  from  being  so  cooled,  till 
a  considerable  time  after  the  fire-door  was  shut. 

^'  To  obviate  this,  I  have  adopted  a  cast-iron  hopper 
above  the  fire-door,  with  a  type  at  the  bottom  that  has 
two  pivots  at  one  side,  and  opens  at  the  other;  one  pivot 
goes  through  the  end  of  the  hopper,  and  has  a  counter 
lever  to  keep  the  type  shut,  when  a  sufficient  quantity  of 
coal  for  a  charge  is  on  it.  The  top  of  the  hopper  is  co- 
vered with  a  lid,  which  I  shut  down  during  the  time  of 
firing ;  then,  by  lifting  the  lever  which  opens  the  type  in- 
side, the  coals  slide  down  on  to  the  fore  end  of  the  grate- 
bars,  which  is  only  the  work  of  a  moment.  It  is  evident 
that  no  quantity  of  cold  air  can  thus  get  into  the  furnace ; 
in  fact,  it  is  not  possible  for  any  person  that  does  not  see 
the  operation  of  firing,  to  know  when  fresh  fuel  is  added, 
by  looking  at  the  top  of  the  chimney.  The  smoke  that 
issues  is  never  more  than  a  light  grey,  just  perceptible, 
but  in  a  general  way  is  not  seen  at  all. 

^^  The  coals  last  admitted,  after  lying  a  short  time  at 
the  fri)nt  of  the  more  ignited  fuel,  become  partially  coked, 
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and  just  before  I  admit  a  fresb  supply,  I  pu^u  i.>[>  ...». 
charge  further  along  the  grate,  by  a  tool  made  for  the 
purpose,  which  remains  constantly  in  the  furnace.  It 
consists  of  a  plate  of  iron,  about  four  inches  broad ;  its 
length  goes  across  the  grate,  with  a  round  bar  of  iron 
riveted  in  its  centre,  at  right  angles,  to  form  a  handle, 
which  comes  through  a  hole  made  in  the  bottom  of  the 
fire-door,  and  is  long  enough  for  a  man  to  use  with  both 
hands,  so  that  he  can  either  push  from  or  pull  towards 
him,  to  manage  the  Gre  within,  without  opening  the  Gre- 
door,  except  when  the  grate  wants  cleaning,  &c.  &c.  For 
better  knowing  when  the  Gre  wantx  stirring  or  replenish- 
ing, I  have  a  hole,  about  an  inch  in  diameter,  in  the  fire< 
door,  to  look  through,  covered  by  a  piece  of  iron,  which 
hangs  by  a  rivet  above. 

"After  1  have  used  the  above  instrument,  T  pull  it  up 
close  to  the  Gre-door,  where  it  remains  till  it  is  again 
wanted;  and  the  coals,  when  let  into  the  Gre,  fall  down 
beyond  it. 

"  The  above-written  account  constitutes  the  whole  ot 
my  improvements,  as  far  aa  is  required  by  the  Society,  but 
not  the  whole  of  the  advantages  gained  by  my  invention. 
For  instance,  the  durability  of  the  gratg'hart,  by  the  ad- 
mission of  air  through  them.  I  may  add  that  1  examined 
my  own  yesterday,  and  I  do  not  Gnd  them  any  worse,  al- 
.  though  they  have  been  in  use  since  the  beginning  of  Oc< 
tober  last  (1824)." 

Mr.  Chapman  concludes  his  letter  by  referring  the  So- 
ciety to  the  certificates,  which  accompany  the  commani- 
calion,  of  several  scientific  gentlemen  of  Whitby,  all  of 
the  highest  respectability,  whose  attestations  confirm  the 
statement  of  the  inventor  in  every  important  particular. 

Reference  to  the  Engravings. — Fig,  I ,  is  a  section  of  the 
boiler  and  furnace ;  and  fig.  2,  a  view  of  the  hollow  bars 
as  they  open  into  the  box  i. 

a  is  the  boiler,  6  the  Gre-place,  c  the  feeding  hopper, 
with  its  cover  d,  and  its  type  or  turning  bottom,  with  its' 
lever  or  counterpoise  e,  by  means  of  which  the  coals  are 
delivered  into  the  Gre-place.    /  is  a  rake,  by  means  of 
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which  the  half-burnt  coals  are  pushed  forwards  previously 
to  letting  in  a  fresh  charge;  g&  slit  below  the  furnace- 
door,  through  which  the  shaft  of  the  rake  passes;  A  an 
eye>hole  in  the  furnace-door,  through  which  the  state  of 
the  fire  is  seen ;  i  i  an  air-tight  box,  into  the  back  of  which 
the  bars  open,  and  in  front  of  which  is  a  register  for  the 
admission  of  air ;  k  one  of  the  hollow  bars,  the  whole  of 
which  are  shown  in  fig.  2,  as  they  open  into  the  box  i 
aboTe-mentioned ;  I  a  flue  in  the  fire-bridge,  through 
which  the  air  having  passed  into  the  box  t,  and  thence 
through  the  hollow  bars  it,  passes  into  the  furnace  and 
consumes  the  smoke. 

For  the  communication  of  the  foregoing  invention  to 
the  Society  of  Arts,  the  Society  awarded  Mr.  Chapman  aa 
honorary  medal. 
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Mode  o/ohviaiing  dense  Smoke,  by  Mr.  R,  Evans,  o/Qaeen 
Street,  Cheapside,  London.    1834. 

The  constituent  gases  which  form  water  (oxygen  and 
hydrogen)  being  powerful  supporters  of  combustion,  it  has 
been  attempted  by  Mr.  Evans  to  render  them  available  for 
that  purpose  by  decomposing  high-pressure  steam,  by 
causing  it  to  pass  through  the  strongly-ignited  fuel  of  the 
furnace.  The  apparatus  used  by  Mr.  Evans  for  this  pur- 
pose is  delineated  in  the  preceding  cut,  where  A  represents 
an  end  view  of  the  boiler,  of  a  cylindrical  figure,  set  in 
brick- work  in  the  usual  manner;  B  is  the  internal  firtv 
place,  contained  in  a  large  tube  denoted  by  the  dotted  cir- 
cle ;  C  is  the  ash-pit ;  d  a  branch  from  th4  waste-pipe  of 
steam  engine ;  e  a  stoprcock ;  /  is  the  feeding  tube,  pierced 
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with  numerous  small  holes,  through  which  the  steam  es- 
capes in  little  jets  diffusing  itself  over  the  surface  of  the 
underneath  part  of  the  fire,  whence  in  passing  through  the 
burning  fuel  it  becomes  decomposed.  The  fuel  employed 
is  coke,  which  gives  off  little  or  no  flame,  when  the  steam- 
feeding  apparatus  is  not  used;  but  immediately  the  cock  e 
is  turned,  a  powerful  flame,  as  represented  at  gr,  is  produced, 
presumed  to  be  from  the  burning  of  the  hydrogen,  result- 
ing from  the  decomposition  of  the  water.  Without  enter- 
ing here  into  the  discussion  whether  any  increased  effect 
is  produced  by  the  ^^  burning  of  the  steam,^'  there  can  be 
no  doubt  of  a  great  advantage  resulting  from  its  applica- 
tion in  blowing  the  fire,  which  it  manifestly  excites,  and 
raises  the  steam  to  much  greater  elaeticity,  as  we  had  an 
opp<$rtunity  of  witnessing. 

Mr.  Evans's  premises  being  situated  in  a  closely-built 
part  of  the  town,  he  tried  every  means  in  his  power  to 
obviate  all  annoyance  to  his  neighbours,  from  the  emission 
of  dense  smoke  from  the  chimney  of  his  steam  engine. 
With  that  view  he  first  made  trial  of  coke  in  his  furnace, 
but  was  under  the  necessity  of  relinquishing  it,  finding  that 
he  could  not  therewith  raise  the  steam  beyond  eighteen  or 
twenty  pounds  upon  the  inch,  however  unsparing  he  was 
in  the  quantity  of  coke  employed  ;  he  therefore  resorted 
to  the  use  of  coal  to  obtain  the  required  work  from  the 
engine.  Subsequently,  however,  it  occurred  to  him  that  he 
might  use  his*  waste  steam  as  an  auxiliary  to  combustion, 
and  he  devised  an  apparatus  of  the  kind  we  have  just 
described ;  he  now  tried  coke  again,  and  the  result  ex- 
ceeded his  most  sanguine  expectations,  the  steam  being 
kept  up  steadily  to  about  thirty-five.  The  quantity  of 
coke  consumed  was  from  six  to  six  and  a  half  compared  to 
five  of  coals,  consequently  reducing  the  expense  to  nearly 
one  half. — Mr.  Evans  has  satisfactorily  proved,  by  the  con- 
stant use  of  this  apparatus  during  five  years,  its  economy 
in  saving  expense  of  fuel,  and  its  indispensable  utility  to 
himself,  in  entirely  obviating  the  necessity  of  creating  any 
dense  smoke. 

Mr.  Evans  found  that  a  considerable  quantity  of  water 
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was  reformed,  after  passing  through  the  furnace^ >-which 
obliged  him  to  have  a  cistern  fixed  at  the  bottom  of  the 
chimney  to  collect  it. 

Patent  Furnace-feeding  ^paratuSj  by  James  Barrony  of 

Birmingham.     1826. 

The  object  of  this  invention  is  to  feed  the  furnace  with 
fuel,  without  opening  the»fiirnace  door,  and  in  causing  all 
the  air  admitted  to  support  combustion  to  pass  through 
the  grate  bars.  A  large  tube  is  erected  in  a  vertical  posi- 
tion nearly  over  the  furnace;  this  tube  is  divided  into 
several  compartments,  one  over  the  other,  by  falling  bot- 
toms, and  having  openings  at  the  sides;  opposite  to  each  of 
these  openings'is  a  box  or  tray,  charged  with  coal,  suspended 
upon  pivots  in  a  vertical  frame,  in  connexion  with  a  train 
of  wheels  that  by  their  revolution  draw  up  a  sliding  bar  ; 
which  bar,  by  means  of  a  click,  successively  turns  over  the 
equipoised  boxes  of  coal,  into  one  of  the  compartments  of 
the  tube,  the  falling  bottom  in  which  now  giving  way,  dis- 
charges the  coals  through  the  tube  on  to  an  inclined  plane 
or  shoot,  which  distributes  them  upon  the  grate.  The  bot- 
toms of  the  several  compartments,  in  falling  by  the  weight 
of  the  coals,  depress  the  upper  end  of  a  long  lever,  the 
lower  end  of  which,  formed  into  a  rake,  is  thereby  caused 
to  ascend  and  rake  out  the  ashes  from  the  fire  bars  from 
underneath,  just  previous  to  the  distribution  of  th&  fresh 
fuel.  In  this  manner  the  furnace  is  fed  with  small  quan- 
tities of  fuel,  and  at  uniform  periods  of  time  apart. 

Patent  Furnace  Grates^  by  Mr.  Jacombf  of  Basinghall 

Streety  London.  1826. 

The  principal  intention  of  the  inventor  was  the  con* 
struction  of  grates  for  domestic  use,  but  he  includes  in  his 
specification  a  notice  of  their  application  to  steam  boilers. 
The  furnace  consists  of  a  cylindrical  cage  of  bars,  in  which 
the  fuel  is  put  at  the  top,  and  the  cylinder  is  then  turned 
half  a  revolution  on  its  bearings,  to  bring  the  fresh  fuel 
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under  the  ignited,  cauung  the  emoke  flrom  the  fresh  coal 
to  pass  through  the  ignited  portion,  and  be  consumed. 
The  f«lIofring  description  ia  extracted  from  the  third 
volume  of  the  Register  of  Arts. 

*'Fig.  1.  represents  an  elevation  or  side-view  of  the  cy- 
lindrical furnace,  (or  stove-grate,)  supported  upon  its 
hollow  axis  a  a,  which  rests,  and  revolves  when  required 
(as  will  hereafter  be  described)  on  the  supports  b  b.  The 
external  horizontal  bars,  which  contain  and  constitute  the 
support  of  the  fuel,  are  riretted,  or  otherwise  fixed  to  the 
circular  ends  cc.  Fig.  S,  gives  an  end  view  of  this  cylin- 
drical furnace,  by  which  it  is  shewn  that  the  cylinder  is 
closed  at  one  end,  and  divided  into  equal  portions,  or  com- 
partments by  the  bars,  ddd^at  the  other  end;  these  divi- 
sions extend  the  whole  length  of  the  cylinder,  »"  that  the 


JACOMB's  FCJBNACfi  OBATE8.  813 

furnace  is  thereby  divided  into  three  (or  it  may  be  any 
number  of)  distinct  compartments,  into  which  the  doors 
eee,  severally  open  and  commuoicate.  a  represents  the 
interior  hollow  axis,  which  is»likewise  connected  by  bars 
from  end  to  end ;  through  tfiis  opening  a,  air  is  admitted 
for  the  support  of  combuftion,  and  for  the  requisite  stoking 
or  clearing  the  fire  of  ashes  and  other  residuum,  as  well  as 
for  the  introduction  of  steam,  tar,  or  other  material,  for  in- 
creasing the  combustion^  Fig,  8.  is  a  plan  of  one  of  the  end 
circles  or  frames  cc,  withthe  arms  d  ddy  as  before  described. 

^^In  putting  the  apparatus  described  into  operation, 
when  applied  to  a  boiler  for  generating  steam,  it  is  to  be 
placed  within  a  flue  or  passage  thro\)gh  the  boiler,  so 
formed  as  to  admit  the  apparatus  to  revolve  on  its  axis,  with 
the  feet  6&,,|'esting  on  the  bottom  of  the  flue;  and  it 
should  be  inserted  so  far  within  the  flue,  that  the  end  at 
which  the  fire-doors  eee  are  fixed,  should  be  flush,  or 
parallel  to  the  outside  of  the  boiler,  as  shewn  at  fig.  4. 
In  this  position,  the  whole  of  the  space  between  the  ex- 
terior and  interior  cylinders  are  charged  with  coal,  coke, 
or  other  fuel,  and  the  uppermost  portion  is  then  lighted 
or  fired,  air  being  admitted  through  the  open  end  of  the 
cylinder  a,  and  -through  the  bars  of  which  the  same  is 
formed.  As  soon  as  that  portion  of  the  fuel  contained  in 
the  uppermost  compartment  is  burned  to  that  state  in 
which  it  gives  off  no  more  smoke  or  vapour,  the  whole 
cylinder  is  to  be  gradually  turned  in  its  hollow  axis,  in 
order  that  a  portion  of  the  fuel  contained  in  the  adjoining 
compartment  may  also  become  ignited.  By  this  action  it 
will  be  seen  that  the  smoke,  generated  by  the  lighting  of 
that  portion  of  the  fuel  beneath,  or  immediately  contiguous 
thereto,  is  compelled  to  pass  through  the  first  lighted  por- 
tion, and  is  thereby  consumed. 

^'  When  fresh  fuel  is  required,  it  is  to  be  thrown  into 
the  uppermost  division,  through  the  door  e,  and  upon  the 
top  of  the  ignited  fuel  contained  therein ;  the  cylinder  is 
then  to  be  turned  on  its  axis,  so  as  to  bring  the  fresh  fuel 
under  that  which  is  ignited,  the  cylinder  being  turned  as 
often  as  may  be  required,  o  keep  the  live  fuel  on  the  top. 
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^'By  this  arrangement  it  will  be  observed,  that  all  the 
component  parts  of  the  coal  are  made  available  for  the 
production  of  heat,  and  the  draught  of  air  conveyed  to  the 
centre  of  the  fire  in  any  quantity,  and  which  may  be  regu- 
lated to  the  greatest  nicety  through  the  centre  of  the 
cylinder. 

^^  The  rotary  motion  occasionally  given  to  the  furnace 
is  to  be  effected  by  a  lever,  inserted  in  the  holes  on  the 
end  of  the  axis,  shewn  at  cCy  &e.  1,  or  by  some  other 
simple  mechanical  contrivance,  tne  nature  of  which  will 
depend  upon  the  size  and  situation  of  the  apparatus.'' 

Patent  Boiler  Furnace^  by  James  CHlbertson^  of  Hertford. 

1828. 

The  title  of  this  patent  expresses  it  to  be  ^^  an  improve- 
ment in  the  construction  of  furnaces,  by  which  they  con- 
sume their  own  smoke,"  and  we  doubt  not  that  it  is  as 
well  calculated  for  that  purpose,  as  many  others  which  we 
have  described ;  the  novelty  of  its  arrangements  are  how- 
ever but  slight.  In  most  of  the  previous  contrivances,  the 
air  to  burn  the  smoke  given  off  from  the  fuel  on  the  grate, 
is  admitted  at  the  back  of  the  fire  from  the  ash-pit,  or  it 
is  conducted  through  the  bars  of  the  furnace,  which  are 
made  hollow  for  that  purpose,  as  in  Mr.  Chapman's  inven- 
tion, recently  noticed.  Mr.  Gilbertson's  plan  is  to  heat  the 
air  thus  supplied  by  causing  it  to  pass  between  ^^  hollow- 
plates,"  fixed  at  the  sides  of  the  furnace,  and  thence  into 
a  cavity  at  the  back  of  the  fire,  where,  ascending  through  a 
grating  above,  it  comes  in  contact  with  the  smoke  and 
causes  it  to  ignite.  The  ^^  hollow  plates,"  are  adapted  to 
afford  a  greater  volume  of  air  than  Mr.  Chapman's  hollow 
bars,  and  the  increased  conducting  surface  to  convey  the 
beat,  as  well  as  their  more  favourable  position  to  absorb 
the  heat,  are  deserving  of  consideration.  The  admission  of 
more  air  than  is  necessary  to  suoply  the  required  quantity 
of  oxygen,  being  attended  with  loss  of  heat  to  the  boiler^ 
suitable  valves  or  registers  shou  d  be  provided  to  regulate 
the  quantity. 
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American  PatefU  Furnace  for  generating  Steam  hy  Anthra^ 
cite  Coaly  by  B.  Howell^  Philadelphia,  1828. 

As  anthracite  contains  no  bituminous  matter,  and  emits 
no  smoke  during  combustion,  the  employment  of  that  coal 
alone  would  completely  obviate  the  nuisance  of  a  sooty 
atmosphere.  Extensive  beds  of  this  mineral  exist  in  various 
parts  of  Great  Britain,  and,  very  conveniently  for  commerce, 
in  South  Wales.  The  Americans,  from  a  species  of  ne« 
cessity,  have  managed  successfully  to  bring  it  into  use  for 
a  variety  of  purposes,  to  which  it  was  thought  wholly 
inapplicable.  It  is  our  business,  in  this  place,  to  lay  before 
the  reader  an  account  of  Mr.  HowelPs  application  of  it  to 
the  generation  of  steam,  which  we  derive  from  the  specifi* 
cation  of  the  patent,  contained  in  the  ^^  Journal  of  the 
Franklin  Institute.'' 

The  improvement  claimed,  consists  in  the  form  and 
principle  of  the  interior  of  the  furnace,  and  in  its  being 
a  separate  structure  from  the  boiler,  or  other  body  to  be 
heated,  by  the  means  of  which  the  heat  is  generated  with- 
out bringing  the  fuel  in  contact  with  the  boiler  or  other 
body ;  and  in  the  application  of  an  artificial  blast  upon 
anthracite  coal,  increasing,  in  a  great  degree,  the  intensity 
of  the  heat,  and  giving  it  the  necessary  direction  through 
the  communicating  flues  of  the  furnace,  upon  the  bodies 
to  be  heated. 

The  drawings  exhibit  a  front  elevation,  a  ground  plan, 
and  a  section ;  all  upon  a  scale  of  six  feet  to  an  inch. 

The  exterior  shape  and  proportions  may  be  varied  at 
pleasure,  provided  the  principle  of  generating  and  apply- 
ing the  heat  be  retained. 

With  a  furnace  of  this  construction,  and  a  moderate 
blast,  the  flame  and  the  heat  may  be  carried  to  almost  any 
required  extent  under  the  boiler  of  a  steam  engine  or 
other  body,  using  anthracite  coal  as  fuel.  The  blast  may 
be  obtained  by  attaching  a  small  pair  of  tub,  or  other  bel- 
lows, to  the  engine,  and  the  machinery  may  be  put  in  me- 
tion  by  using,  in  the  first  place,  a  small  quantity  of  wood* 
Power  enough  being  thus  obtained  to  start  the  bellows, 


SI6  flOWELl/s  ANTHRACITE  FURNACE. 

no  more  wood  will  be  required  until  after,  the  fire  has 
been  suffered  to  go  down,  and  is  to  be  again  renewed. 

The  coal  should  always  be  kept,  while  in  full  opera- 
tion, at  about  the  line  E,  or,  at  least,  so  much  above  the 
flue  B,  that  it  may  become  perfectly  ignited  before  it  sinks 
to  that  level.  Attention  to  this  is  important  in  preserving 
a  uniform  temperature. 

The  additional  power  required  to  propel  the  bellows, 
beyond  that  necessary  for  the  ordinary  work  to  be  per- 
formed by  the  engine,  will  be  very  small,  it  is  believed 
not  more  than  a  single  horse  to  an  engine  of  what  is  called 
forty-horse  power,  or  about  two  and  a  half  per  cent. ;  but 
should  it  exceed  that  estimate  in  a  triple  proportion,  and 
experience  justifies  the  conclusion  that  it  will  not,  the 
economy  of  room  on  board  of  steam  boats,  where  room  is 
so  valuable,  with  other  advantages  hereafter  mentioned, 
and  the  saving,  in  all  places,  of  expense  in  fuel^  will  much 
more  than  compensate  this  disadvantage. 

But  in  addition  to  the  economy  effected  by  the  intro- 
duction into  general  use  for  this  object,  of  a  fuel  existing 
in  inexhaustible  quantities  in  our  country,*  to  the  exclu- 
sion, in  many  situations  at  least,  of  one  daily  becoming 
more  scarce  and  costly,  a  further  and  important  saving  will 
result  in  the  construction  of  boilers  adapted  to  this  fur- 
nace ;  nearly  all  the  space  now  occupied  by  the  wood, 
that  is,  the  furnace  part  of  the  boiler,  may  be  dispensed 
with,  and  in  its  place  be  substituted  a  narrow  flue  for  the 
passage  of  the  heat  under  that  part  of  the  boiler  contain- 
ing the  water.    The  part  that  may  be  dispensed  with, 
forms  an  expensive  part,  of  the  whole,  while  the  furnace 
in  which  the  heat  is  to  be  generated,  being  of  a  less  ex- 
pensive material,  will  be  much  less  costly.    The  great 
objection   to  the  use  of  anthracite  coal,  in  generating 
steam,  arising  from  the  necessity  heretofore  supposed  to 
exist,  of  Winging  the  fuel  in  actual  contact  with,  or  near 
approach  to,  the  boiler  along  its  entire  surface,  is,  by  this 
plan,  entirely  obviated,  as  the  coal  here  is  never  in  con* 
tact  with  the  iron,  which,  of  course,  will  be  much  more 
■     ■  '■  ■■      ■  .————I—— 

*  United  States  of  America. 
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durable  than  if  constantly  acted  upon  by  tbe  direct  heat 
of  the  fuel. 

The  principle  in  the  construction  of  furnaces,  and  the 
generation  and  application  of  heat  by  means  of  anthracite 
coal  and  an  artificial  Mast,  may  be  applied  with  equal 
advantage  to  the  manufacture  of  glass,  earthenware,  pot- 
tery,  the  burning  of  brick,  and  all  manufactures  admitting 
a  like  application  of  heat. 

The  drawings,  figs.  1,  2,  and  3,  represent  an  elevatiou^ 
a  vertical  section,  and  a  ground-plan,  all  upon  a  scale  of 
six  feet  to  an  inch;  and  the  same  letters  refer  to  the  cor- 
responding parts  of  each. 

A  A,  tuyeres  for  introducing  the  blast ;'  B  B,  line  of  flue 
for  the  passage  of  flame  and  heat  under  the  boiler,  or  other 

35.  fiu 
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vessel,  or  body,  to  be  heated ;  C  C,  charging-doors  for 
coal;  D  D,  cleaning-out  doors,  occasionally  used  as 
draught  doors;  E,  line  of  upper  surface  of  coal;  F  F, 
grate-bars.  Where  it  is  inconvenient  to  use  these,  the 
bottom  of  the  furnace  may  be  closed,  as  the  blast  will  suf- 
ficiently ignite  the  coal;  and  the  wood  first  used  may  be 
ignited  by  throwing  open  the  cleaning-out  doors  at  D  D. 
G  6,  openings  to  promote  draught,  before  applying  blast. 
These  may  be  omitted,  in  like  manner  with  the  bars. 

The  furnace  should  be  lined  with  fire-brick,  and  cased 
with  cast-iron  plates,  secured  by  strong  bolts,  screws,  and 
keys;  and  between  these,  common  brick  may  be  iised.  If 
a  thin  packing,  or  lining  of  sand,  be  also  interposed,  it  will 
be  found  useful  in  preventing  injury  from  expansion. 


SECTION  VIII. 
THE  WEIGHT  AND  STRENGTH  OP  MATERIALS,  Ste. 

The  inaccurate  experiments  and  discordant  results  which 
have  been  published  at  various  times  on  these  subjects, 
by  early  writers,  induced  Mr.  John  Rennie,  jun.  to  un- 
dertake a  series  of  exact  experiments  to  determine,  or 
appru:iimate  as  near  as  possible  to  the  truth ;  which  he 
communicated  in  a  paper  to  the  Royal  Society,  in  whose 
Transactions  it  is  inserted  at  length ;  and  believing,  with 
the  ingenious  author,  that  they  "  will  tend  to  elucidate  a 
subject  which  is  likely  to  form  one  of  the  principal 
branches  of  an  engineer's  education,  as  he  roust  either 
proceed  on  the  principle  of  science,  or  Le  directed  by  a 
feeling  of  fitness,  which  is  to  be  acquired  only  by  devoting 
a  life-time  to  the  practice  of  his  art,"  we  hesitate  not  to 
avail  ourselves  largely  in  this  section  of  the  important 
information  it  affords. 

The  knowledge  of  the  properties  of  bodies  which  coine 
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Biore  immediately  under  our  observation,  is  so  instrumen- 
tal to  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  serious  attention.  The  Royal  Society  ap« 
pears  to  have  instituted,  at  an  early  period^  some  experi« 
ments  on  this  subject,  but  they  have  recorded  little  to  aid 
us.  Emerson,  in  his  Mechanics,  has  laid  down  a  number 
of  rules  and  approximations.  Professor  Robinson  in  his 
excellent  treatise  in  the  Encyclopedia  Britannica^  Banks 
on  the  Power  of  Machines,  Dr.  Anderson  of  Glasgow, 
Colonel  Beaufoy,  &c.  are  those,  amongst  our  countrymen, 
who  have  given  the  result  of  their  experiments  on  wood 
and  iron.  The  subject,  however,  appears  to  have  excited 
considerable  attention  on  the  Continent.  A  theory  was 
published  in  the  year  1638,  by  Galileo,  on  the  resistance 
of  solids,  and  subsequently  by  many  other  philosophers. 
But,  however  plausible  these  investigations  appeared,  they 
were  more  theoretical  than  practical,  as  will  be  seen-  in 
the  sequel.  It  is  only  by  deriving  a  theory  from  careful 
and  well-directed  experiments,  that  practical  results  can 
be  obtained.  It  would  be  useless  to  enumerate  the  la- 
bours of  those  philosophers,  who,  in  following,  or  vary- 
ing from,  the  steps  of  Galileo,  have  merely  tended  to 
obscure  a  subject  respecting  which  they  had  no  data  to 
proceed  upon.  It  is  suflBcient  to  enumerate  the  names  of 
those  who,  in  conjunction  with  our  own  countrymen,  have 
added  their  labours  to  the  little  knowledge  we  possess. 
The  experiments  of  BuflPon,  recorded  in  the  Annals  of  the 
Academy  of  Sciences^  at  Paris^  in  the  years  1740  abd  1741, 
were  on  a  scale  suflSciently  large  to  justify  every  conclu- 
sion, had  he  not  omitted  to  ascertain  the  direct  and  abso- 
lute strength  of  the  timber  employed.  It  however  ap- 
pears from  his  experiments,  that  the  strength  of  the 
ligneous  fibre  is  nearly  in  proportion  to  the  specific  gra- 
vity. Muschenbroech,  whose  accuracy  (it  is  said)  entitles 
him  to  confidence,  made  a  number  of  experiments  on 
wood  and  iron,  which,  by  being  tried  on  various  specimens 
of  the  same  materials,  afforded  a  mean  result  considerably 
higher  than,  other  previous  authorities.  Experiments 
have  also  been  made  by  Mariotte,  Varignon,  Perrouet^ 
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Ramus,  Roudelet,  Gauthey,  Navier,  Aubry,  and  Texier 
de  Norbeck,  as  also  at  the  Ecole  Polytechniquey  under  the 
direction  of  M.  Prony.  With  such  authorities  before  us, 
it  might  be  deemed  presumption  in  me,  to  offer  a  commu- 
nication on  a  subject  which  has  been  previously  treated 
by  so  many  able  men.  But  whoever  has  occasion  to 
investigate  the  principles  upon  which  any  edifice  is  con* 
structed,  where  the  combination  of  its  parts  are  more  the 
result  of  uncertain  rules  than  sound  principle,  will  soon 
find  how  scanty  is  our  knowledge  on  a  subject  so  highly 
important.  The  desire  of  obtaining  some  approximation, 
which  could  only  be  accomplished  by  repeated  trials  on 
the  substances  themselves,  induced  Mr.  Rennie  to  under^ 
take  the  following  experiments. 

The  apparatus  used  for  this  purpose  was  a  powerful 
lever  of  the  second  class ;  it  consisted  of  a  flat  bar  of  the 
best  English  iron,  about  ten  feet  long,  one  of  the  extre- 
mities being  formed  into  a  rule-joint,  by  which  it  was 
attached  to  a  stout  and  short  standard  of  wrought-iron, 
that  was  bolted  to  a  massive  bed-plate  of  cast-iron ;  the 
hole  in  the  centre  of  the  joint,  and  the  pin  which  formed 
the  fulcrum,  were  accurately  turned,  so  as  to  move 
smoothly  and  freely.  The  lever  was  accurately  divided 
on  its  lower  edge,  which  was  made  straight  in  a  line  with 
the  fulcrum.  A  point  or  division  was  selected,  at  five 
inches  from  the  fulcrum,  at  which  place  was  let  in  a  piece  of 
hardened  steel.  The  lever  was  balanced  by  a  weight,  and 
in  this  state  it  was  ready  for  operation.  But,  in  order  to 
keep  it  as  level  as  possible,  a  hole  was  drilled  through  a 
projection  on  the  bed-plate,  large  enough  to  admit  a  stout 
bolt  easily  through  it,  which  again  was  prevented  from 
turning  in  the  hole  by  means  of  a  tongue  fitting  into  a 
corresponding  groove  in  the  hole.  So  that,  in  order  to 
preserve  the  level,  it  was  only  necessary  to  move  the  nut, 
to  elevate  or  depress  the  bolt,  according  to  the  size  of  the 
specimen.  But  as  an  inequality  of  pressure  would  still 
arise,  from  the  nature  of  the  apparatus,  the  body  to  be  ex« 
amined  was  placed  between  two  pieces  of  steel,  the  pres- 
sure being  communicated  through  the  medium  of  two 
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pieces  of  thick  leather  above  and  below  the  steel  pieces, 
by  which  means  a  more  equal  contact  of  surfaces  was 
attainecL  The  scale  was  hung  on  a  loop  of  iron,  touching 
the  lever  in  an  edge  only.  At  first,  a  rope  was  used  for 
the  balance  weight,  which  indicated  a  friction  of  four 
pounds,  but  a  chain  diminished  the  friction  one  half. 
Every  moveable  centre  was  well  oiled.  Of  the  resist- 
ances opposed  to  the  simple  strains  which  may  disturb  the 
quiescent  state  of  a  body,  the  principal  are  the  repulsive 
force,  whereby  it  resists  compression,  and  the  force  of 
cohesion,  whereby  it  resists  extension.  On  the  former, 
with  the  exception  of  the  experiments  of  Gauthey  and 
Rondelet  on  stones,  and  a  few  others  on  soft  substances, 
there  is  scarcely  any  thing  on  record.  In  the  memoir  of 
M .  Lagrange,  on  the  force  of  springs,  published  in  the 
year  1760,  the  moment  of  elasticity  is  represented  by  a 
constant  quantity,  without  indicating  the  relation  of  this 
value  to  the  size  of  the  spring:  but  in  the  memoir  of  the 
year  1776,  on  the  forms  of  columns,  where  he  considers  a 
body  whose  dimensions  and  thickness  are  variable,  he 
makes  the  moment  of  elasticity  proportional  to  the 
fourth  power  of  the  radius,  in  observing  the  rela- 
tions of  theory  and  practice  to  accord  with  each  other. 
This  was  admitted  by  Euler,  in  his  memoir  of  1780,  in  his 
elaborate  investigation  of  the  forms  of  columns.  Mr.  Cou* 
lomb  had  however  shown,  before  that  time,  how  inappli- 
cable all  these  calculations  were  to  columns  under  cotoi- 
raon  circumstances.  The  results  of  experiments  have  also 
been  equally  discordant;  since  it  is  deduced  from  those  of 
Reynolds,  that  the  power  required  to  crush  a  cubic  quar- 
ter of  an  inch  of  cast-iron  is  448,000  pounds  avoirdupois, 
or  200  tons;  whereas,  by  the  average  of  thirteen  experi- 
ments made  by  Mr.  Rennie,  on  cubes  of  the  same  size,  the 
amount  never  exceeded  10392*53 lbs.  not  quite  five  tons. 
This  may  be  seen  by  referring  to  the  tables.  There  were 
four  kinds  of  iron  used,  viz*  I.  Iron  taken  from  the  centre 
of  a  large  block,  whose  crystals  were  similar  in  appear- 
ance and  magnitude  to  those  evinced  in  the  fracture  of 
what  is  usually  termed  gun-metal.    2.  Iron  taken  from  a 
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small  casting,  close  grained,  and  of  a  dull  grey  colour. 
3.  Iron  cast  horizontally,  in  bars  of  ^ths  of  an  inch  square, 
eight  inches  long.  4.  Iron  cast  vertically,  same  size  as  last. 
These  castings  were  reduced  equally  on  every  side  to  one 
quarter  of  an  inch  square;  thuis  removing  the  hard  exter* 
nal  coat  usually  surrounding  metal  castings.  They  were 
all  subjected  to  a  guage ;  the  bars  were  then  presumed  to 
be  tolerably  uniform.  The  weights  used  were  of  the  best 
kind  that  could  be  procured,  and,  as  the  experiment  ad- 
vanced, smaller  weights  were  used. 

As  we  have  not  space  for  detailing  the  particulars  of 
each  experiment,  we  here  add  only  the  average  results  of 
them. 

The  experiments  on  cast-iron  in  cubes  of  |^th  of  an  inch, 
— ^specific  gravity  7.033,  gave  1439 lbs.  avoirdupois,  as  the 
average. 

On  specimens  of  the  same  iron,  i  inch  square,  and  }  inch 
long,  the  average  force  required  was  2116  lbs. 

On  specimens  of  the  same  thickness,  but  varying  in 
length  from  |  inch  to  1  inch,  the  average  result  was 
1758  lbs. 

On  cubes  of  a  quarter  of  an  inch  of  the  same  metal,  gave 
9773  lbs.  as  the  average  result. 

On  i  inch  cubes,  made  from  horizontal  castings  of  spe« 
cific  gravity  7.113,  gave  10,1 14  lbs.  as  the  average. 

On  }  inch  cubes,  vertical  castings,  specific  gravity  7.074, 
the  average  was  11,136  lbs. 

A  prism,  having  a  logarithmic  curve  for  its  limits,  re- 
i^embling  a  column,  it  was  i  of  an  inch  diameter  by  1  inch 
long,  broke  with  6954  lbs. 

The  trials  on  prisms  of  prisms  of  difibrent  lengths  |xi 
horizontal,  gave  9414  lbs. 

The  same,  vertical,  gave  9982  lbs. 

Horizontal  castings,  varying  from  i  to  f  inch  X  i(,  gave 
an  average  of  8738  lbs. 

Vertical  ditto,  gave  8536  lbs. 
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Experiments  on  different  Metals. 

|X I  cAst  copper,  criimbled  with 7318  lbs. 

ixi  fine  yellow  brass  redaced  ,1^  with  3213} lbs.  with. . . .  10304 

iXi  wrought  copper ^  •  •  •  •  3427i 6440 

iXi  cast  tin ^ 658} 9M 

ixi  cast  lead i 483 

The  experiments  on  the  different  metals  gave  no  satis- 
factory results.  The  difficulty  consists  in  assigning  a 
value  to  the  different  degrees  of  diminution.  When 
compressed  beyond  a  certain  thickness,  the  resistance  be- 
comes enormous. 

Experiments  on  the  Suspension  of  Bars. 

The  lever  was  used  as  in  the  former  case,  but  the  metals 
were  held  by  nippers.  They  were  made  of  wrought-iron, 
and  their  ends  adapted  to  receive  the  bars,  which,  by 
being  tapered  at  both  extremities,  and  increasing  in  dia- 
meter from  the  actual  section,  and  the  jaws  of  the  nippers 
being  confined  by  a  hoop,  confined  both.  The  bars,  which 
were  six  inches  long  and  i  square,  were  thus  fairly  and 
firmly  grasped. 

i  inch  cast-iron,  horizontal    1 166  lbs. 

i  ditto  ditto,  vertical 1818 

i  ditto  cast-steel,  previously  tilted 8391 

i  ditto  blister  steel,  reduced  per  hammer 8322 

i  ditto  shear  steel, ditto 7977 

i  ditto  Swedish  iron ditto, 4504 

i  ditto  English  iron    ditto ^ 3492 

i  ditto  hard  gun  metal,  mean  of  two  trials    2273 

i  ditto  wrought  copper,  reduced  per  hammer  ....  2112 

i  ditto  cast  copper • 1 192 

i  ditto  fine  yellow  brass 1123 

i  ditto  cast  tin 296 

i  ditto  cast  lead 114 

Remarks  on  the  last  Experiments. 

The  ratio  of  the  repulsion  of  the  horizontal  cast  cubes 
to  the  cohesion  of  horizontal  cast  bars,  is  8.65  :  1. 
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The  ratio  of  the  vertical  cast  cubes  to  the  cohesion  of 
the  vertical  cast  bars,  is  as  9.14  :  K 

The  average  of  the  bars,  compared  with  the  cubes,  is  as 
10.611  :1. 

The  other  metals  decrease  in  strength,  from  cast  steel 
to  cast  lead. 

The  stretching  of  all  the  wrought  bars  indicated  heat. 

The  (Vacture  of  the  cast  bars  was  attended  with  very 
little  diminution  of  section,  scarcely  sensible* 

The  experiment  made  by  M.  Prony  (who  asserts,  that 
by  making  a  slight  incision  with  the  file,  the  resistance  is 
diminished  one  half,)  was  tried  on  a  }  inch  bar  of  English 
iron ;  the  result  was  2920  lbs.  not  a  sixth-part  less. 

This  single  experiment,  however,  does  not  sufficiently 
disprove  the  authority  of  that  able  philosopher,  for  an  in- 
cision is  but  a  vague  term.  The  incision  I  made  might  be 
about  the  fortieth  part  of  a;i  inch. 

Experiments  on  the  Twist  of  i  inch  Bars. 

To  effect  the  operation  of  twisting  off  a  bar,  anothet 
apparatus  was  prepared.  It  consisted  of  a  wrought-iron 
lever,  two  feet  long,  having  an  arched  head  about  one- 
sixth  of  a  circle,  of  four  feet  diameter,  of  which  the  lever 
represented  the  radius;  the  centre,  round  which  it  moved, 
had  a  square  hole  made  to  receive  the  end  of  the  bar  to 
be  twisted.  The  lever  was  balanced  as  before,  and  a 
scale  hung  on  the  arched  head  ;  the  other  end  of  the  bar 
being  fixed  in  a  square  hole  in  a  piece  of  iron,  and  that 
again  in  a  vice.  By  this  apparatus,  i  inch  bars  from  ho- 
rizontal castings  were  twisted  with  weights  in  the  scale 
averaging  9  lbs.  l'5oz.  The  vertical  castings  took  10  lbs* 
10  oz.  as  an  average. 

On  different  Metals. 

Cast  steel  17  lbs.  9  oz.  in  the  scale 

Shear  steel    17  1 

Blistersteel  16        11 

English  iron,  wrought... .« 10  SI 
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Swedish  iron,  wrought 91  bs.     8oz.  in  the  scale 

Hard  gno  metal 6  0 

Fine  yellow  brass 4  11 

Copper,  cast    4  5 

Tin   I  7 

Lead 1  0 

On  Twists  of  different  lengths. 

HORIZONTAL. 

llM.  OS. 

i  by  4  long    7        3  weight  in  scale. 

i  by  i  ditto 8         i 

i  by  1  inch  ditto 8        8 

VERTICAL. 

^  by  4  ditto 10         I 

i  by  i  ditto   8        9 

t  by  1  inch  ditto   8        6 

Horizontal  twists  of  |  inch  bars,  at  six  inches  from  the 
bearing,  took  an  average  of  91b.  12  oz.  in  the  scale. 

Twist  of  i  inch  square  Bars,  cast  horizontally. 

qrs.    Ibe.  os. 

i  close  to  the  bearing 3      9  12  end  of  the  bar  hard 

4  ditto    2    18  0  middle  of  the  bar. 

i  at  10  inches  from  bearing,  lever  in 

the  middle 1     24  0 

On  Twists  of  different  Materials. 

These  experiments  were  made  close  to  the  bearing,  and 
the  weights  were  accumulated  in  the  scale  until  the  sub- 
stances were  wrenched  asunder. 

lbs.        ox. 
Cast  steel    19        9  weight  in  scale* 

Shear  steel 17  1 

Blistersteel     16  11 

English  iron.  No.  1    10  S 

Swedish  iron 9  8 

Hard  gun  metal 5  0 

Fine  yellow  brass 4  11 

Copper     4  5 

Tin   1  7 

Lead    I  0 

85.  5  N 
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Renmrks* 

Here  the  strength  of  the  vertical  bars  still  predo« 
minates. 

The  average  of  the  two  taken  conjointly,  and  compared 
with  a  similar  case  of  \  inch  bars,  gives  the  ratio  as  the 
cubes,  as  was  anticipated. 

In  the  horizontal  castings  of  different  lengths,  the  ba- 
lance is  in  favour  of  the  increased  lengths ;  but  in  the 
vertical  castings,  it  is  the  reverse.  In  neither  is  there 
any  apparent  ratio.  In  the  horizontal  castings^  at  six 
inches  from  the  bearing,  there  is  a  visible  increase,  but 
not  so  great  ^3  when  close  to  the  bearing. 

Miscellaneous  Experiments  on  the  Crush  of  one  cubic  tnch. 

Elm 1284  tbs.  avoir. 

American  Pine 1606 

White  deal    1928 

English  oaky  mean  of  two  trials    3860 

Ditto,  of  five  inches  long^,  slipped  with    2572 

English  oak,  of  four  inches  long,  slipped  with  5147* 
A  prism  of  Portland  stone,  two  inches  long    . .       805 

Ditto,  statuary  marble 3216 

Craig  Leith    8688 

In  the  following  experiments  on  stones,  the  pressure 
was  communicated  through  a  kind  of  pyramid,  the  base  of 
which  rested  on  the  hide  leather,  and  that  on  the  stone.f 
The  lever  pressed  upon  the  apex  of  the  pyramid.  The 
cuhes  were  of  one  and  a  half  inch. 

mmm^m.  .i^_._— .j^..^— ^^^i^— ^— ^-»— ^— ^^— »-^— ^  ■  -.^»^— ^— ^^.^M.— ^ 

*  The  experiments  on  woods  are  considerably  below  those  of  other 
wnters,  and  it  appears  singular  that  the  four-inch  specimen  should 
be  stronger  than  the  shorter  length.  According  to  Rondelets  expe- 
riments, to  crush  a  cubic  inch  of  oak  it  required  from  5000  to  6000 
pounds  avoirdupois  J  of  fir,  from  6000  to  7000  pounds.  In  the  former, 
the  pieces  were  compressed  one-third  of  their  length;  in  the  latter, 
one-half  of  their  length,  (Rondelet^s  TArt  de  B&tir,  torn.  iv.  p.  67.) 
Mr.  Rennie  has  not  stated  the  diminution  of  length. 

t  It  certainly  wou<C4  hare  been  preferable  to  have  placed  a  hard 
and  rigid  substarre  next  the  bione,  in  order  to  secure  equality  of 
pressure. 
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8p«c.  grftv.  Ib«.  av 

Chalk    1127 

Brick,  of  a  pale  red  colour    S.OSd  1265 

Roe-stone,  Gloucestershire    1449 

Red  brick,  mean  of  two  trials 2.168  1817 

Yellow-faced  baked  Hammersmith  puriours,  three 

times 2254 

Burnt  ditto,  mean  of  two  trials 3243 

Btourbridge,  or  fire-brick 8864 

Derby  grit,  a  red  friable  sand- stone   2.316  7076 

Ditto,  from  another  quarry  2.428  0776 

Killaly  white  freestone,  not  stratified 2,423  10264 

Portland   2.429  10284 

Craig  Leith,  white  freestone    2.452  12346 

Yorkshire  paving,  with  the  strata  2.085  12856 

Ditto,  against  the  strata    2.507  12856 

White  statuary  marble,  not  veined     2.760  13632 

Bramley  Fall  sandstone,  near  Leedit,  with  the  strata  2.506  13632 

Ditto,  against  the  strata    2.506  13632 

Cornish  granite   2.662  14302 

Dundee  sandstone  or  brescia,  two  kinds   2.530  14918 

A  two-inch  cube  of  Portland 2.423  14918 

Craig  Leith,  with  the  strata 2  452  15560 

Devonshire  red  marble,  variegated 16712 

Compact  limestone 2.584  17354 

Peterhead  granite,  hard  close-grained 18636 

Black  compact  limestone,  Limerick   2.598  19924 

Purbeck    2.599  20610 

Black  Brabant  marble 2  697  20742 

Very  hard  freestone    2.528  21254 

AVhite  Italian  veined  marble   2.726  21783 

Aberdeen  granite,  blue  kind     2.625  24556 

N.B.  The  specific  gravities  were  taken  with  a  delicate 
balance,  made  by  Creighton  oF  Glasgow,  all  with  the  ex- 
ception of  two  specimens,  which  were  by  accident  omitted. 

Remarks, 

In  observing  the  results  presented  by  the  preceding 
table,  it  will  be  seen  that  little  dependence  can  be  placed 
on  the  specific  gravities  of  stones,  so  far  as  regards  their 
repulsive  powers,  although  the  increase  is  certainly  in 
favour  of  their  specific  gravities.  But  there  would  appeal 
to  be  some  undefined  law  in  the  connexion  of  bodies,  with 
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which  the  specific  gravity  has  little  to  do.  Tbus^  statuary 
marble  has  a  specific  gravity  .above  Aberdeen  granite,  yet 
a  repulsive  power  not  much  above  half  the  latter.  Again, 
hardness  is  not  altogether  a  characteristic  of  strength,  in- 
asmuch as  the  limestones,  which  yield  readily  to  the 
scratch,  have  nevertheless  a  repulsive  power  approaching* 
to  granite  itself. 

Experiments  made  on  the  transverse  Strain  of  cast  Barsj 

the  Ends  hose. 

Weight  of     Distance  ot 
the  ban.        bearings* 

lb$,  9r.       ft,  in,      lto.««. 

Bar  of  I  inch  square 12  6  .  •  3  0  . .     897 

Ditto  of  1  ioeh  ditto , > . .     9  8  . .  2  8  . .  1086 

Half  the  above  bar 1  4  . .  2380 

Bar  of  1  inch  square  through  the  diagonal  .  •     2  8  .  •  2  8  .  •     851 

Half  the  above  bar  •               ..1  4  ..  1587 

Bar  of  2  inches  deep,  by  i  inch  thick    9  5..2  8..  2185 

Half  the  above  bar ..1  4  ..  4508 

Bars  3  inches  deep,  by  i  inch  thick 9  15  .  •  2  8  . .  3588 

Httlfthebar   ..1  4  ..  6854 

Bar  4  inches,  by  i  inch  thick 9  7  ..2  8  ..  3979 

Equilateral  triangles,  with  the  aiigles  up  and 

down,  «t>.  with  the  edge  or  angle  up;..    911   ..2  8..  1437 

With  the  angle  down   9  7  ..  2  8  ..     840 

Half  the  first  bar . .  1  4  . .  3059 

Half  the  second  bar ..1  4..  1656 

A  feather-edged  bar  was  cast,  whose  dinieu- 

sious  were  2  inches  deep  by  2  wide,  edge 

up 10  0  ..  2  8  ..  3105 

N.B.  All  these  bars  contained  the  saiiie  area,  though 
differently  distributed  as  to  their  forms. 

Experiments  made  on  the  Bar  of  4  inches  deep  by  |  mck 
thicky  by  giving  it  different  forms,  the  bearings  at  2  feet 
8  inchesy  as  before. 


Bar  formed  into  a  semi-ellipse,  weighed  7 lbs •••••••     4000 

Ditto,  parabolic  on  its  lower  edge 3860 

Ditto  of  4  inches  deep  by  i  inch  thick 8979 
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Experiments  on  the  transueree  strain  of  Bars,  one  end  made 
fast,  the  weight  being  suspended  at  the  other,  at  2  feet 
8  inches  from  the  bearing. 

Ad  inch-sqaare  bar  bore 860 lbs* 

A  bar  S  inches  deep  by  (  an  inch  thick 539 

An  inch  bar,  the  ends  made  fast 1173 

The  paradoxical  experiment  of  Emerson  was  tried, 
which  states,  that  by  cutting  off  a  portion  of  an  equila- 
teral triangle  (see  page  114,  of  Emerson's  Mechanics,)  the 
bar  is  stronger  than  before ;  that  is,  a  part  stronger  than 
the  whole.  The  ends  were  loose,  at  two  feet  eight  inches 
apart,  as  before.  The  edge  from  which  the  part  was  in* 
tercepted  was  lowermost,  the  weight  was  applied  on  the 
base  above;  it  broke  with  1129  pounds,  whereas,  in  the 
other  case,  it  bore  only  840  pounds. 

Remarks  on  the  transverse  Strain. 

Mr.  Banks  makes  his  bar  from  the  cupola,  when  placea 
on  bearings  three  feet  asunder,  and  the  ends  loose,  to  bear 
864  pounds. 

All  Mr.  Rennie's  bars  were  cast  from  the  cupola,  the 
difference  was  therefore  33  pounds.  He  adopted  a  spaae 
of  two  feet  eight  inches  asunder,  as  being  more  convenient 
for  his  apparatus.  The  strength  of  the  different  bars,  all 
cases  being  the  same,  approaches  nearly  to  the  theory 
which  makes  the  comparative  values  as  the  breadths  mul' 
tiplied  into  the  squares  of  the  depths.  The  halves  of  the 
bars  were  tried,  merely  to  keep  up  the  analogy ;  the  bar 
of  four  inches  deep,  however,  falls  short  of  theory  by  365 
pounds.  It  is  evident  we  cannot  extend  the  system  of 
deepening  the  bar  much  further,  nor  does  the  theory  ex- 
actly maintain  in  the  case  of  the  equilateral  triangle,  by 
243  pounds. 

The  diagonal  position  of  the  square  bar,  is  actually 
worse  than  when  laid  on  its  side,  contrary  to  many  asser- 
tions. 
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The  same  quantity  of  metal  in  the  feather-edged  bar, 
was  not  so  strong  as  in  the  four-inch  bar. 

The  semi-elliptical  bar  exceeded  the  four-inch  bar,  al- 
though taken  out  of  it.     The  parabolic  bar  came  near  it. 

Observations  by  various  Authors  on  the  Strength  of  Mate- 
rials. 

A  wire  of  TVth  of  an  inch  of  lead,  breaks  with  29J  lbs., 
of  tin,  with  49J  lbs.;  of  copper,  with  299};  of  brass,  with 
360;  of  silver,  with  370;  of  iron,  with  450.— £iii€rsofi. 

A  cylinder,  an  inch  in  diameter,  will  bear,  when  loaded 
to  }  of  its  whole  strength,  if  of  fir,  8.8  cwt.;  if  of  rope, 
22  cwt. ;  if  of  iron,  135  cwt. — Emerson. 

The  cohesive  strength  of  a  cylinder  of  iron,  an  inch  in 
diameter,  is  63,466  or  63|178  pounds,  the  mean  63,320 
pounds,  which  is  28  tons,  5  cwt.  1  qr.  12  lbs. — Rumford. 

The  comparative  cohesive  strength  of  gold,  is  as  150,955 ; 
of  silver,  190,771 ;  of  platina,  262,361 ;  of  copper,  304,696; 
of  soft  iron,  362,927;  of  hard  iron,  559,880.— ^tcibefi^efi. 

The  hardness  of  metals  follows  this  order, — iron,  pla- 
tina, copper,  silver,  gold,  tin,  lead. — Cavallo. 

In  general,  iron  is  about  four  times  as  strong  as  oak, 
and  six  times  as  strong  as  deal. — Banks. 

Wood  is  from  7  to  20  times  weaker  transversely  than 
longitudinally.    It  becomes  stronger  both  ways  when  dry. 

A  piece  of  sound  oak,  an  inch  square,  bears  8000  pounds 
directly,  and  is  broken  transversely  by  200,  at  the  distance 
of  IS  inches  from  the  fulcrum. — Robison. 

The  immediate  transverse  strength  of  lateral  adhesion 
of  most  substances  exceeds  their  direct  cohesive  strength, 
but  the  difference  is  less  in  fibrous  substances  than  in 
others. — Robison. 

The  strongest  form  of  a  substance  included  by  hori- 
zontal surfaces,  for  supporting  a  weight  at  its  extremity, 
is  that  of  a  triangle.  The  same  form  is  also  the  stiffest. — 
Emerson. 

For  supporting  a  weight  distributed  uniformly  through- 
out  its  length,  the  form  must  be  that  of  a  parabola. — 
Emerson. 
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A  triangular  prism  fixed  at  one  end^  with  its  edge  up- 
permost, is  weaker  than  if  its  depth  were  reduced  to  eight- 
ninthp,  by  cutting  away  the  edge.— £iw€r«on. 

If  a  piece  be  sliced  in  a  divided  beam,  equal  in  depth 
to  half  the  depth  of  the  beam,  the  strength  is  greater  than 
that  of  the  entire  beam,  in  the  ratio  of  1  to  1.054,  very 

nearl  y . — Robison, 

A  mortise-hole  should  be  taken  out  of  the  middle  of 
a  beam,  not  from  one  side;  but  if  it  be  on  the  concave 
side,  and  fitted  up  with  hard  wood,  it  does  not  diminish 
the  strength. — Emerson. 

If  a  cylinder  is  to  be  supported  at  two  points  with  the 
least  strain,  the  distance  between  the  points  should  be 
.5858  of  the  length.— -Emerson. 

A  soft  iron  bar,  a  spring  tempered,  and  a  hard  one,  were 
bent  to  equal  angles  by  five  pounds;  with  six,  the  harcf 
bar  broke;  with  seven,  the  soft  one  bent,  but  returned  as 
far  from  its  new  position,  upon  the  removal  of  the  weight, 
as  if  it  had  not  been  bent.  Tho  elastic  bar  was  broken  by 
18  pounds.— Cou7um&. 

Weight  of  one  Foot  in  length  of  flat  Bar-iron. 
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